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ABSTRACT

Solution of the rocket equation is required for a
® large class of problems in activities such as space vehicle
-~ 'sizing, mission planning, and weight and performance computa-
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tion. One characteristic of these problems is that altheough

they are generally not complex, their solution would be quite

. time-consuming without the aid of a digital computer. Thus,
numerous relatively simple, special purpose computer programs
have been written to solve them. However, it often happens

" that when a quick, reliable solution to a problem is required,

' the available programs are not quite in the proper form for

, the particular problem under consideration. The Fortran V
program described herein was written to alleviate this situa-
tion. A strong attempt has been made to make the program usable
by those who have little or no experience in using the computer.
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Data in this program are organized in a matrix format
in which the total vehicle weight and its components (stage =
weights, propellants, etc.) are listed in columns. Two columns °
are also provided for the delta velocity and specific impulse:
associated with each burn. The odd rows of the matrix contain
the weights at a given event during the mission, and the even
rows contain the weight changes between two events. Thus, therc
matrix represents a time history of the weights throughout a <7~ . .
pre-specified mission. The user specifies the elements of this”;;_qg ,g5

. matrix as known constants or as unknown variables to be calcu- e
| lated. Any combination of knowns and unknowns can be specified

. and the program will either find the unknowns, or indicate that

' no solution is possible for the given matrix.

A GENERAL PURPOSE

-
-

Inc.)

Numerous options are provided to make the program flexible

and easy to use. These include facilities to (1) set up the
general problem to be solved, using a precompller (i.e., specify
names of weight components and events in the matrix), (2) change
data in the matrix (e.g., change an element from known to unknown

' or change numerical values of elements), (3) modify the format
and type of data that are printed, (4) calculate sensitivities,
and (5) solve the problem repeatedly with a specified parameter
incremented each time. The program is fast enough to provide
immediate response when run from a remote terminal.
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MEMORANDUM FOR FILE

Introduction

A large number of problems in activities such as space
vehicle sizing, mission planning, and weight and performance
computation require the solution of the rocket equation,

AV = ISP*G*LN (MI/MF) .

That is, the change in velocity (AV) imparted to a space vehicle
by a propulsion system with an efficiency that is characterized
by a given specific impulse (ISP) can be expressed as a function
of the natural logarithm of the ratio of the mass of the vehicle
immediately before the burn (MI) to the mass immediately after
the burn (MF). One characteristic of these problems is that
although they are generally not complex, their solution would

be quite time-consuming without the aid of a digital computer.

As a result, numerous relatively simple, special purpose computer
programs have been written to solve them. From time to time a
quick, reliable solution to such a problem is required. Unfortu-
nately, the problem can be stated in so many different ways that
the special purpose program must often be rewritten to suit the
new problem. The general purpose Fortran V program described
herein was developed to minimize the likelihood that it will be
necessary to rewrite a program. Particular attention was paid
to keeping the program flexible yet simple to use. As a result,
it is expected that those with little or no computer experience
will be able to use the program. The speed of the program is
such that response from a remote terminal is usually immediate.

Subsequent sections of this memorandum discuss the
general type of problem that can be solved with the program, the
approach that was taken in developing the program, and the fea-
tures of the program that contribute to its flexibility. The
appendices provide detailed information on the operation of the
program. A summary of their contents is as follows:




Appendix A Use of the precompiler to generate a main
program, including an example showing the
cards required to set up a particular
problem.

Appendix B Use of the main program generated by the
precompiler. Contains illustrations of
most of the commands and error messages.

Appendix C A brief summary and listing of each sub-
program.
Appendix D A description of the commands that may be

used during execution of the main program.

Appendix E A list, with no description, of the accept-
able forms for data input cards and commands,
for both precompilation and execution of the
main program. Includes a list of the abbre-
viated forms that may be used for the com-

mands.

Although this organization leads to some repetition, it offers
the advantage of providing both a step-by-step description of
the operation of the program and convenient lists of commands
for quick reference.

Statement of the Problem

In the type of problem under consideration, some com-
ponent of the weight of a space vehicle (or a delta velocity or
specific impulse) at some event, or point in time, during the
mission is to be calculated. This can be expanded into a more
general problem of determining a weight history consisting of
the total space vehicle weight and the components of the total,
each specified at a number of points during the mission. For
convenience, such data can be organized in a matrix in which
columns are provided for the delta velocity, the specific im-
pulse, the total weight, and the weight components. 0dd numbered
rows can then represent the status at a particular event, while
the even numbered rows can indicate the changes in weight between
two events. Such a matrix, based on the Apollo lunar module,
is shown in Table 1. This matrix contains a time history of the
total LM weight and four of its components (ascent and descent
stage weights, and APS and DPS propellant weights).

To solve this general problem, the user should be able
to assign desired values to each of the elements in the matrix,
with the option to designate any of the elements as unknowns to
be calculated by the program. Of course, this should be accom-
plished without the necessity of changing or rewriting the program.
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Approach

The program described herein was designed to solve
the general problem outlined above. The first time a parti-
cular problem is to be solved, the user must specify to the
precompiler the names of the columns and rows of the matrix,
as well as a set of initial conditions for the elements of
the matrix. Each element is either given a numerical value
or designated as an unknown. The precompiler uses these data
to generate a main program which can subsequently be used
repeatedly to solve problems using this same basic matrix
with different values for the elements. The precompiler is
needed again only if the number of rows and columns or their
names are to be changed.

During execution of the main program, the matrix
defined above is examined and an attempt is made to find values
for the elements that have been designated as unknown. To under-
stand the procedure used, consider the diagram in Figure 1,
which represents what occurs between two events. At Event A, the
total weight (or mass) of the vehicle is MI. If a rocket engine,
whose efficiency is characterized by a specific impulse (ISP),
is fired and burns a propellant mass (MP), a delta velocity (AV)
is imparted to the vehicle. If other consumable items (MC) such
as oxygen, water, ablative material, etc. are expended before
Event B, then the final mass (MF), or the mass at Event B, is
given by

MF = MI - MP - MC . (1)

The relationship between the AV, the ISP, and the masses is given
by the rocket equation,

AV = ISP*xGxLN(MI/(MI-MP))t (2)

where G is the acceleration due to gravity, and
ILN(X) is the natural logarithm of X.

+ This form of the equation applies when the consumable
items are assumed to be used discretely after the burn is
completed. The program also contains a modified form pased
on the assumption that the consumable items are used linearly
during the burn.




APPLICATION OF ROCKET EQUATION

DELTA VELOCITY = AV
EVENT A EVENT B

SPECIFIC IMPULSE = ISP
INITIAL MASS =Ml S FINAL MASS = MF

PROPELLANT MASS = MP

CONSUMABLES MASS = MC

FIGURE 1

Now consider the other weights associated with these
two events as outlined below in an abbreviated matrix.

COLl COL2 COL3 COL4 . e e .COLn

EVENT A MAl MAZ MA3 MA4 e e o MAn
Al A2 A3 A4 e o« e . An

EVENT B MBl MB2 MB3 MB4 « o e MBn

The n'th column (COLn) contains the total weight of
the vehicle, and columns 1 through n-1 contain the component

weights. (The columns for AV and ISP are omitted here for
clarity.) The following equations must be satisfied.
n-1
MI = MAn = }: MAl (3)
i=1
n-1
MC + MP = -A = =) Ay (4)
j=1

=
n
i
B>
o
)
N
2

(3)




where p identifies the column (weight component) that is to be
used for propellant for this burn.

Mpp = My ta fork =1,2 . . . .n (6)

ME = Mph (7)

Equations (1) through (7) must be satisfied for each
set consisting of an event, a group of weight changes, and a
subsequent event. The procedure used in the program is as follows.
First, the first pair of events in the matrix is examined to
determine if enough data are specified to allow solution of the
rocket equation. If so, the appropriate unknowns are calculated.
Then the elements of Event A are examined tc see if equation (3)
can be satisfied. Again, if possible, additional blanks are
filled in (i.e., additional unknowns are calculated - unknowns
are represented by blanks in the program). Next an attempt is
made to satisfy equation (4), and finally, equations (6), each
time filling in as many blanks as possible. The same sequence
is then followed with the next and all other pairs of events,
working from the top to the bottom of the matrix. When the
matrix has been examined in this manner, the number of blanks
left is determined, and if there are fewer blanks now than when
the analysis began, all of these steps are repeated. This entire
process is repeated until there are no blanks, or until the number
of blanks can no longer be reduced by this procedure. 1In the
former case, a complete solution has been obtained. In the latter
case it may be that insufficient data were specified; hcwever, it
is also possible that the problem is one of a class that cannot
be completely solved by the above approach. Therefore, before
giving up, a test is made to determine whether sufficient data
were specified. If insufficient data were provided, an error
message is printed and the program is ready for new data or commands.
If the data provided were sufficient, the program attempts to com-
plete the solution by an iteration procedure. Cne of the known
elements is chosen as a comparison or target variable, and one
of the unknowns is assigned various values in an attempt to deter-
mine a value that will satisfy the equations for the entire matrix
and match the target variable. If necessary, this is tried for
many combinations of iterating and target variables, until a
solution is found and printed. The program is then ready for
new data or commands.

Flexibility

A primary goal when development of this program was
begun was to provide a capability for solving a wide variety
of problems without the necessity of program changes. On a
gross scale, this was accomplished by means of the precompiler



mentioned in the previous section. The precompiler permits
the user to specify the overall organization of the program,
i.e., the number of weight components and events to be con-
sidered, the names of the components and events, and initial
values for all variables. On a smaller scale, the user should
be able to easily specify any combination of knowns and un-
knowns in the matrix. The method for accomplishing this by
inputting data to the program is discussed in detail in the
appendices, but some of the most important characteristics

are described here.

All 80 columns of a card (or a line typed on a remote
terminal) are read by the program. However, except in a few
special cases such as in headings or titles, all blanks are
ignored. Thus, characters may be spaced on a card in any
convenient manner. Numbers may be specified as integers or
fioating point constants.

An element in the matrix can be changed by first
submitting a card containing only the name of the event in
which it appears. This tells the program that subsequent
cards contain data pertaining to that event. The next card
is of the form

NAME=NUMBER

where NAME is the name of the column in which the element appears,
and NUMBER is the new desired value for the element. If it is
desired to make the element an unknown, the card contains only

the column name, without "=NUMBER." If an element in the row
following this particular event (i.e., the row of weight changes)
is to be changed, the same procedure is used except the column
name is preceded by a "D" (for delta). Other elements of the
same event may be changed without submitting a new event card.

The same method is used with the precompiler to set up the initial
values in the matrix, except in this case all elements are set to
zero unless input as a constant or specified as unknown.

Thus, a typical flow of data might be as follows:

DSCNT
ASC=5000
APS
DIM
ISP=301.5

This would result in setting the ASC weight at the event DSCNT
equal to 5000, making the APS weight and the change to -the LM
weight for this event unknowns, and setting the ISP for this
burn equal to 301.5. The solution to the problem, with this
revised data, can then be obtained by submitting a single card
with the word LAST.




Several additional features have been included which
significantly increase the flexibility of the program. Following
is a brief summary of these features. Details on their use are
contained in the appendices,

Perhaps the most important of these is a set of print
commands that gives the user some control over the printout.
These are particularly useful when using a remote terminal, for
they allow the user to eliminate some unwanted data and get a
quicker answer. Some of the print commands are also helpful for
finding errors in the input data. In addition, headings or
titles may be specified to clearly identify the conditions for
each run.

Sensitivities, or partial derivatives, of certain
variables. with respect to others are often required. Calcula-
tion of sensitivities is simplified by the SENS commands. Using
these commands, a particular element of the matrix is designated.
Then, a single command results in the calculation and printing
of the sensitivity of each element in the matrix with respect to
the designated element.

It is often necessary to plot one or more of the vari-
ables as a function of another. One might obtain the necessary
data for this by running the program several times, each time
inputting a new value of the desired variable. A much faster
way is to use the STEP commands, which allow the user to desig-
nate a particular variable to be "stepped," or incremented,
the amount of the increment, and the number of steps. Then,

a single command results in the calculation and printing of
all of the desired data.

Each input card is examined in detail to determine if
the data or command it contains is in the correct format. This
is done in order to minimize the possibility of unintentionally
destroying previously specified information with an erroneous
new input. When an error is detected, a message is printed,
usually with enough information to readily identify the error.

When a user becomes proficient at using the program,
even a short command can seem long. In order to minimize the
amount of time spent typing or punching cards, abbreviated
one- or two-letter equivalents have been provided for most
commands. For example, the word PRINT may be replaced by the
letter P.

The reader is referred to the examples at the end of
Appendix B for typical runs illustrating these features. The
examples are discussed in some detail in the body of Appendix B.
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APPENDIX A

USE OF PRECOMPILER

Use of the precompiler to generate a main program
is illustrated in this appendix. The example used is the
one presented earlier, a typical mission for the lunar module.
Note that for brevity and clarity the mission and the number
of weight components have been abbreviated. Standard system
commands for the Univac 1108 are shown where required, but
the reader is referred to the Exec 8 User's Manual for an
explanation of their use. All of the precompiler commands
and data required to generate a main program, called LM, are
shown at the end of this appendix.t A detail=d description of
these commands follows.

After the usual system commands (RUN, ASG, etc.),
the

@xOT

T o

5

\P+*WAP , PRE

& AR o

cardtt causes execution of the absolute element WAP*WAP.PRE
to begin. This absolute element was previously formed from
the Fortran program PRECPL. Unless modifications to the
precompiler are desired, it is unnecessary to generate a new
absolute element.ttt

t The examples given in this appendix and Appendix B
were run from a remote terminal. Those not familiar with the
operation of the remote terminals should note that the lines
typed by the user are in lower case letters (red on the original)
while the computer response is in upper case (black) letters.

In the body of these appendices, card images are shown in upper
case letters as they would appear on a key-punched card.

T+ Throughout this memorandum, the term "card" refers
to a card image. It may be either an actual card or a line
typed at a remote terminal.

tt+ If modifications are to be made to the precompiler,
a new absolute element must be generated by replacing the
@XQT WAP*WAP.PRE statement with cards of the following type:

@F@R WAP*WAP .PRECPL,PRECPL

----- edit deck -----
@MAP,I X,QUALIFIER*FILE.PRE
IN PRECFL

@XQT QUALIFIER* FILE.PRE
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The cards following the XQT card are used to set up
the matrix to be used in the main program LM. This includes
the specification of the names of the columns and events, and
the assignment of initial values to each of the elements of
the matrix. All eighty columns of each card are read by the
precompiler. Blanks are squeezed out, except in fields de-
limited by asterisks (#*) or dollar signs($). The choice is
the user's and is indicated for each individual card by which
of the two characters occurs first on the card. Once either
does occur, the other loses its significance as a delimiter,
so that such a delimited field started by one of these two
characters must be closed by that same character. In the dis-
cussion that follows asterisks will be used, but dollar signs
will serve the same purpose.

The set of cards read by the precompiler consists
of two sections, a column specifications section and an event
specifications section. Each section is required, and the
entire column specifications section must precede the event
specifications section.

The column specifications section is simply a series
of cards, each of which specifies a component weight column.
In its fullest form a column specification card is of the form

CNAME *@NE /TW@/THREE/ % .

CNAME specifies the name of the column. Rules governing the
choice of CNAME are as follows:

1. CNAME must have one to six characters.
2. The characters =, *, and $ are not allowed.

3. No two column names may have the same first five
characters.

4. No two column names may be such that one can be formed
from the other by prefixing the letter D and, if'
necessary, dropping the last character to maintain
the six character limit.

5. The following words may not be specified as column
names: DDDDDD, DELETE, DELTAV, DISCRE, DV, ELTAV,
END, EVENT, HDG, I, ISCRE, ISP, LAST, LINEAR, RESTAR,
STOP, V, and any six character word beginning with
ELTAV, EVENT, or ISCRE.
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In most cases, violation of one of these rules leads to an
error message indicating that the specified word is illegal
and the card has been ignored. However, in a few cases, the
card will be interpreted as another type of command and the
program will proceed accordingly. For example, if an attempt
is made to use the word ST@PP as a column name, the program
will interpret these four characters as a ST@P command and
terminate the execution (the ST@P command will be discussed
later).

The field *@NE/TWG/THREE* specifies the heading to
be printed above this particular column when a printout is
ultimately generated by the program being created.+ Up to
three lines of nine characters each are allowed for this
heading, with each line being specified by a subfield of

up to nine characters, and with a slash (/) separating one
line from the next. Thus @NE, TW@, and THREE here represent
subfields of up to nine characters. Such subfields will be
printed, one per line and left-justified, in a nine-character
field centered above the column. The field *@NE/TW@/THREE%*
may have an abbreviated form: any blank subfield may be
omitted, and any slash may be omitted that does not have a
nonblank subfield between it and the final delimiter; if
there is nothing between the delimiters, they, too, may be
omitted. Examples of the abbreviated forms are given in
Appendix E.

There must be at least three and no more than ten
columns specified in the column specifications section. If
more than five columns are specified (seven if only the abbre-
viated headings are printed), the printout at a remote terminal
will be jumbled unless one of the PRINT options is used to
decrease the number of columns printed. See Appendices B and
D. The last column specified always represents the sum of the
other columns.

In the 1M example, the column specifications section
consists of the first five cards after the XQT command. They
specify the columns named ASC, APS, DSC, DPS, and LM.

t Note that a PRINT option allows the user to specify
whether the printed results will contain this heading or an
abbreviated form using only the word CNAME. See Appendices
B and D.
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The event specifications section begins with the
first card after the column specifications section, an event
specification card. This card specifies an event in the
weight history being set up, and in its fullest form is

EVENT ENAME*HEADING*CNAME.

The word EVENT identifies this card as an event specification
card. ENAME specifies the name of the event. Rules governing
the choice of ENAME are as follows:

1. ENAME must have one to six characters.
2. The characters =, %, and $ are not allowed.
3. No two events may have the same name.

4. An event name may not be identical to a column
name, or a name formed by prefixing the letter
D to a column name, dropping the last character,
if necessary, to maintain the six character limit.

5. The following words may not be specified as event
names: DELTAV, DISCRE, DV, END, HDG, I, ISP, LAST,
LINEAR, RESTAR, ST@P, V.

As is the case with column names, violation of these rules
generally leads to an error message indicating that the card
is illegal and has been ignored.

The field *HEADING#* specifies the identification line
to be printed for this particular event in the printouts to be
generated by the program now being created.t Up to twenty-eight
characters are allowed in this field, and the only illegal
character is the character being used as delimiters (* or $).
Slashes have no special significance. If the field is to be
blank, nothing is required between the delimiters. 1In the
printout to be generated this field will be printed to the
extreme left on the same line as the initial data for this event.

CNAME is used to specify that there is to be a burn
at this event and that the propellant for tne burn will come from
the column named CNAME. Obviously, CNAME must be one of the
- column names already specified, but it cannot be the last one.

+ As is the case with the column headings, a PRINT
option allows the user to specify that the printed results
will contain an abbreviated identification line using only
the word ENAME. The subheading, discussed later, would also
be omitted. See Appendix D.
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If there is to be no burn this event, this field must be blank.
If the field is blank and the heading field specified by HEADING
is also to be blank, then no delimiters are required - i.e.,
EVENT ENAME is equivalent to EVENT ENAME**,

All the cards between one event specification card
and the next event specification card provide information per-
taining to the first of the two events. Among these cards there
may be up to three cards of the form

*SUBHEADING=*.

Each of these cards specifies for this event a subheading of

up to twenty-six characters the same way the *HEADING#* field

of the event specification card specifies an identification
line. The subheadings are set up to be printed out in the order
in which they have occurred. If a subheading field is to be
blank and no subheading specification cards for the current
event are to follow, then that subheading specification card

may be omitted. But if subheading specification cards are to
follow, then at least the delimiters must appear on that card,
for the precompiler completely ignores blank cards. When the
subheadings are printed out, the first one is printed two lines
below the event identification line, the second one a line below
that (on the same line as the weight changes for this event),
and the third one a line below the second one. The subheadings
are indented two spaces to the right of the first character of
the event identification line.

Vo L ok ol

The only other cards which may occur between one event
specification card and the next have the purpose of inputting
a number for some variable in the problem, specifying some
variable as unknown, or specifying that consumables are to be
treated linearly.

The cards that input a number are of the form
NAME = NUMBER

where NAME is a word of at least one charactert which has to be
recognized by the precompiler, and NUMBER is any Fortran floating
point or integer constant. For NAME certain words are always
recognized by the precompiler and others depend on the component
weight column names specified in the column specifications section.

t If there are more than six characters in NAME, the
precompiler looks at only the first six.
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Those always recognized by the precompiler are DELTAV, DV, or V
(the delta velocity), and ISP, or I (the specific impulse). (If
there is no burn this event, DELTAV, DV, V, ISP, and I are illegal
words.) The only other acceptable words for NAME are the com-
ponent weight column names specified in the column specifications
section and words derived from these names by prefixing them with
the letter D (and dropping the last character of the resulting
word if it has seven characters). The D prefix to the column
name indicates a delta, or change, between the current event
and the next event.

The number in NUMBER is input, in floating-point format,
into the variable indicated by NAME; i.e., the column indicated
by NAME at the current event.

The cards that specify variables as unknown are of the
form

NAME

where NAME is the same as in the input cards discussed above.

In this case, Fieldata code blanks are stored in the appropriate
variable to specify that it is not known. All variables are set
to zero unless input as a constant or specified as unknown.

The only other cards permitted before the next event
specification card are the LINEAR and DISCRE(TE) t cards, which
are of the form

LINEAR
and
DISCRE(TE) .

These cards specify that all non-propulsive weight changes are

to be treated linearly or discretely in the application of the
rocket equation for the burn this event. LINEAR means the

weight changes are to be used linearly during the burn. DISCRE(TE)
means the weight changes are to be treated as if they were used
immediately after completion of the burn. If there is no burn
this event, these two cards are illegal. 1If there is a burn and
neither of the two cards is specified, DISCRE (TE) is assumed.

The user may cancel one of these specifications by submitting

t Throughout this memorandum, those characters enclosed
in parentheses in a command may be omitted. Thus, the command
DISCRE (TE) may be used as either DISCRETE or DISCRE.
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the opposite specification afterwards. The last such card the
precompiler reads for the particular event is the one that is
put into the program that will be generated by the precompiler.
When the program generated by the precompiler prints out the
information pertaining to the problems it solves, burns that
were treated linearly are identified by the word LINEAR or the
letter L. No such word is printed for the weight changes that
were treated discretely.

The cards between two event specification cards need
not be in any special order, except that the subheading speci-
fication cards have to occur in the order determined by the
printout desired. 1If there are more than one card referring
to the same variable, the last one overrules the others.

There must be at least two events specified, and n
more than fifty. The sample problem attached contains four
events: DSCNT, TCHDWN, ASCNT, and D@CK.

Two other cards which the precompiler recognizes are
the ST@PP and END cards, which are of the form

ST@P
and
END.

These cards can be used any time, and as soon as the precompiler
encounters either of them, it will print the message "RUN TERMI-
NATED" and terminate the execution.

The end of the event specifications section is indicated
by a LAST card, a card of the form

LAST.

Upon encountering a LAST card, the precompiler decides whether
the information it has obtained so far is sufficient and whether
the last event is in order (no burn is allowed for the final
event, and neither are weight changes). If everything is accept-
able, the precompiler immediately writes a Fortran main program
onto Fortran logical unit 8 and prints the message "END OF
PRECOMPILATION." Otherwise, it will inform the user that the
burn and/or weight changes for the final event (but not the
event itself) will be deleted if he submits another LAST card

and that if he does not, then it will expect more information.
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The precompiler is designed to be used from a remote
terminal. Hence errors will be commented on as they occur and
cards in error will be ignored. Furthermore, there is a special
card which the user can submit to cause the precompiler to
"forget" the last event or column specified. This is the DELETE
card, which has the form

DELETE.

It instructs the precompiler to act as if it had never encountered
the last event or column specification card and all information
specified since. Upon encountering the DELETE card, the precom-
piler takes o7e of three possible courses of action: if any
events have been specified, it deletes the last one; if no events
have been specified but at least one column has been specified,

it deletes the last column; and if no columns have been specified
yet, it responds that there is nothing to delete. The DELETE

card may be used repeatedly to back up as far as the user desires.

For the Fortran V compiler to be able to access the
program generated by the precompiler and written onto Fortran
logical unit 8, it is necessary to convert it to an element in
binary form on some program file, usually on Fastrand. To accom-
plish this, a special program is used. This program is @UTS, an
absolute element that is part of the Bellcomm Apollo Simulation
Program package (see Reference 1). Once the user has precompiled
a set of data cards into card images on Fortran logical unit 8,
he has to execute @UTS by means of a control card of the form

QWAP+WAP.QUTS,IL DUMMY,FILE.NAME

where DUMMY is a word of one to twelve characters the first of
which has to be alphabetic, FILE is the program file on which

the new element is to be placed, and NAME is the name of

the new element. The I option is essential; the L option indi-
cates that a listing of the element is to be produced (the L
should not be used at a remote terminal). The result of this

card is the creation of an element FILE.NAME which can be compiled
by the Fortran V processor.

Two more steps are necessary. The first is compilation
itself, which creates a relocatable element from the symbolic
element FILE.NAME. The second is the creation of an absolute
element. In the creation of the absolute element, nine relocat-
able elements must be included in addition to the relocatable
element produced from FILE.NAME. These additional elements
(subroutines B@DY, ITERAT, P®SS, PRINT1l, PRINT2, PRINT3, READ,
RPCKET, SUMS, and TEST) are on program file WAP*WAP. The func-
tion of each of these subroutines is discussed in Appendix C.
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The collection of these relocatable elements is accomplished

with the MAP control card. In the example included here, the

MAP card results in the creation of the absolute element JLM.IM.
In Appendix B, a copy of JLM.LM, called WAP«WAP.LM, is used to
illustrate how this absolute element can be used to solve
specific problems. This LM absolute element has been saved

along with the subroutines in a read only Fastrand file, WAP*WAP.,
for those who wish to experiment.



EXAMPLE A-1

USE OF PRECOMPILER

@run jIm,jim,example

DATE: 6C2871 T T 165419
Gasg,up jim.,
rFrEAny
Exgt wap*wap.pre
asc* ascent/ stage/ weight/*
FS0x ASCENT/ STAGE/ YUEIGET/ *
aps* ascent/ prop./ weight/*
APS* ASCENT/ PROP./ UEIGLT/ *
dsc*desceat/ stage/weight/*
DEC*DESCENT/ STAGE/ZVUEIGHT/
dps*descent/ prop./weight/*
DPS*DESCENT/ PROPL/ZUIFICHT/ *
1m* total/ In/weight/*
Lidx TOTAL/ LIV OHT *
event dscnt*begin descent=*dps
VMEHT DSCNT*0I0I DESCENTD PO
*consumahlesx*
*COHUSUNADLES*
*and propellant*
*AND PROPILILANT%
asc=5755.1
ASC=5765,1
aps=5207.6
APS=5217.6G
dsc=6118.2
nNsSC=6118.,7?
dps=19508.5
DPS=19508.5
Im
.1
dasc=-97
DASC==37
ddsc=-30.2
uh3C==30,2
ddps
DDPS
dim
DL
dv=7013.9
DV=7013.9
isp=302.3
ISP=302.3

1inear
LITEAR

event tchdwn+*touchdown on lunar surf
FVEHRT TeuDUH=TOUCHDOM Or LUNAR SUR

*jettisoned weight»
*JETTISONFED UFICHT*

mno

~

*>0)



EXAMPLE A-~1

asc
A5 0
aps
APS
dsc

Hsce
dps

NPS

Im

!li
dasc=-19.8
NASC==19,8
ddsc

nhsSe
ddps

nHPrs
d1m

e

(Continued)

event ascntxhegin powered ascent*aps

TVEMNT ASCUHT*BEAI!N POUEPED
*consumnables=*
* CONSUADLLS *
*and propellantx
*0MN PROPELLANT*
asc
~SC
apss
I"\ PS
Tin
Lo
uasc=-39.,7
DASC==007
daps

.') Ay,
RN ERY )

dlin
DL
dv=6079.85
ny=rn7n, n
isp=307.4
1sP°=701,4
event dock*dock wdth csm=*
FUYFNT nNAQvanney VT rQMa
asc

[\ alal
A

‘aps
APS

OF PRI

!
)

ORPTLATION

NGCEYT*2PS




EXAMPLE A-1 (Continued).

Qwap*wap.outs, i x,1Im
dfor 1m,1Im
CYCLE 00 COMPILED OY 1201 RCS7F ot 25 Ut 71 AT 17:05:35,

STORAGE USED: CODE(L) D00042; NATA(R) 00NG54; DLANK CONMON(2) 000000

FYN0OF COPPYLATION: 0 NIACNOSTICS.
Gelt,i Im
TLT PROCESSOD LEVEL l

in Im

1ib wap*wap.

Gmap 1M, Jjlm. Im
22.01====-0(/25=17:97 -(0,)

START=037134, PROG SIZE(CI/N)=1548G/4013
F -
[CR I

UMD . JLH ACCOUNT: JIn PROJECT: EXANPLE
TiHHE: 00:00:04,527 Itte 57 ouT: n PACES: 2
MIITIATION  TINE: 16: 5412ttt 25,1071

TENPAHATION TIHHE: 17:08:16-JUM 25,1071

CORE=-STECONDS: 99

10 coutT: ban

CHARGE: 3,004




APPENDIX B

EXECUTION OF MAIN PROGRAM

The procedure described in Appendix A to generate
a main program (an absolute element that will subsequently be
referred to as the "program") need be repeated only if the
names or quantities of the columns and events are to be changed.
This appendix discusses the manner in which this program can be
used to solve specific problems and gives some sample runs that
were made from a remote terminal. Since all of the available
commands are not illustrated in this appendix, and all aspects
of the illustrated commands are not discussed here, the reader
is referred to Appendix D for a more complete description of
the commands.

Execution with the initial values of the matrix
elements that were built into the program during precompila-
tion is illustrated in Example 1. The XQT card is required
by the Univac EXEC 8 system to begin the execution. The LAST
card causes the program to evaluate the matrix. The resulting
printout is shown in the example. The ST@P (or END) card termi-

nates the exécution.

Note that the matrix printed in Example 1 differs
slightly from the one presented in the body of this memorandum.
Each element of the matrix that has a value of zero (or a magni-
tude less than 0.05) is left blank. It was indicated in the
body of the memorandum that the matrix has columns devoted to
delta velocities and specific impulses. This is, in fact, the
way the matrix is organized within the program for computation.
However, to conserve space and allow more columns, the printout
has been arranged to show the delta velocity and specific impulse
associated with an event directly below the event name. If the
non-propulsive weight changes were assumed to be used in a linear
fashion, the word "LINEAR" is also printed in this area.

Note also that the matrix printed in this example uses
the abbreviated form of labels for the columns and events. The
data will automatically be printed out in this format unless the
program is told to use the complete labels as illustrated in
Example 2. Note that since the character A is not available at
the remote terminals, the symbol AV was replaced by "V. This
happens only when the printout is obtained at a remote terminal,
and since the complete labels are seldom desired when a remote
terminal is used, this erroneous label was considered acceptable.
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An essential feature of the program is the capability
of defining a particular problem by specifying data inputs and
dictating what variables are to be unknown. This is accomplished
in much the same way as the same thing was accomplished during
precompilation. First an event has to be specified by an event
card, which is of the form

ENAME

where ENAME is the name of one of the events specified at pre-
compilation with an event specification card. The event card
specifies that the subsequent cards pertain to event ENAME,
Event cards ma; appear anywhere in the deck and there are no
restrictions on the order in which they may appear or how many
times one event may be specified.

Data input cards may follow the event card to specify
the value of a particular variable at that event. Several types
of data input cards may be used. To assign a given value to an
element, a card of the form

NAME = NUMBER

is used, where NAME is the name of the variable whose value at
this event is to be changed, and NUMBER is any Fortran floating
point or integer constant. The limitations on NAME are identical
to those cited for precompilation. NAME should have from one to
six characters; it may have more than six, but all beyond the
first six are ignored. Acceptable words are (1) the column names
that were specified by the column specification cards used by

the precompiler in setting up the initial matrix, (2) words
derived from the column names by prefixing them with the letter D
(and dropping the last character of the resulting word if it has
seven characters), indicating a delta, or change, between the
current event and the next event, and (3) the names DELTAV, DV

or V (the delta velocity), and ISP or I (the specific impulse

of the engine). If there is no burn for this particular event,
the names in group (3) above are not allowed. If this is the
last event, the names in groups (2) and (3) are not allowed.

A card of the form
NAME = @LD

causes NAME to take on the value that was calculated for it in
the previous evaluation of the matrix.

The form

NAME = NAME op NUMBER op NUMBER . . .
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results in NAME being set equal to its current value, modified
by the sequence of operators and numbers. "op" may be either
", "=", "x", or "/". The operations are performed in the
order in which they are read; i.e., from left to right. If
NAME is currently designated as an unknown, this form is not
allowed.

The final type of data input card is of the form
NAME .
In this case, the variable NAME is designated as an unknown.

For all of these types of data cards, the data are stored
the same way as during precompilation: for the first three
types, the specified number is stored in floating-point format
in the appropriate variable, and for the last type, Fieldata
code blanks are stored in the variable to indicate that is is
unknown and is to be calculated.

Two more cards which may be among those pertaining
to a particular event are the LINEAR card and the DISCRE(TE)t
card, of the forms

LINEAR
and
DISCRE(TE)T.

These cards specify whether non-propulsive weight changes are
to be treated linearly or discretely in the application of the
rocket equation. Their use is described in Appendices A and D.
If no burn was specified for this event when the main program
was precompiled, then these two cards are illegal (as are cards
with the variable names DELTAV, DV, V, ISP, or I). If neither
of these cards is used, the burn will be performed as specified
during precompilation.

The data input cards following an event card need not
be in any special order. If there are more than one card referring
to the same variable, the last one overrules the others.

t Throughout this memorandum, those characters enclosed
in parentheses in a command may be omitted. Thus, the command
DISCRE (TE) may be used as either DISCRETE or DISCRE.
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Example 3 is an illustration of how cards of this
type may be used to modify the initial data that were built into
the program at precompilation. In the first part of this example,
the value of the ASC weight at event DSCNT was changed, and the
unknowns in the matrix were recalculated using this new number.
In the second part of the example, the problem was changed more
significantly. The initial stage and propellant weights were
specified in the first part, and the program calculated the amount
of propellant required for each burn and the amount of propellant
remaining after the burn for the specified AV's and ISP's. 1In
the second part, the initial amount of propellant (e.g., tank
capacity) and the final amount of propellant (e.g., residual,
unusable propellant) were specified, and the maximum initial
weight for each stage (for the given AV's and ISP's) was calcu-
lated. Notice also the PRINT=N@DATA command, which is useful
when operating from a remote terminal. Normally, each line typed
or appearing on a card is printed by the computer, which is a
desirable feature when using cards. Howcver, when a terminal is
used, the lines typed by the user provide a record of the input,
so time and space are saved by avoiding this extra printing.

The capability to easily change the data in the matrix
is the basis for the flexibility of the program. However, this
feature must be used cautiously to avoid setting up a problem
that has no solution because the data specified is either in-
sufficient or inconsistent. Example 4 is typical of the diffi-
culties that can be encountered. 1In the first part, specifica-
tion of the ASC weight at event DSCNT as an unknown results in
insufficient data, and an appropriate message is printed. At
this point, if the user recognizes his mistake, it can be cor-
rected and rerun immediately. However, it is sometimes difficult
to identify the error. To aid in finding such errors, several
options have been provided. If the command PRINT=G@@F has been
submitted, the entire matrix will be printed even though a complete
solution was not obtained. This allows the user to determine just
how far the computation progressed before a discrepancy was en-
countered or it was determined that the data were insufficient.
This is illustrated in the first part of Example 4.

The last part of Example 4 shows what can happen if
conflicting data are specified. 1In this case, the insufficient
data problem was corrected by setting ASC at event DSCNT equal
to 5800. However, the value specified for ASC at event DOCK was
inconsistent with the data previously specified. The error
message shows where the program ran into difficulty. If this
message does not provide enough information to isolate the problem,
the PRINT=G@@F command again can provide a means for obtaining
more information. Since this command was still in effect (it
could have been cancelled by using PRINT=N@G@@F), the entire
matrix was printed when the discrepancy was encountered.
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Several PRINT commands are provided to enhance the
flexibility of the program, especially in its use from a terminal.
The user is often interested in only a few elements of the matrix.
Example 5 shows how to use the PRINT=C@LUMNS and PRINT=EVENTS
commands to print only a selected portion of the matrix. The
specified columns and events are deleted only from the printout;
all elements are always considered during the calculations.

Note also that abbreviated forms for some of the commands
are introduced in Example 5. Thus, "L" is equivalent to "LAST",
"P" is equivalent to PRINT, etc. A complete list of valid abbre-
viations is given in Appendix E.

Occasionally it becomes desirable to know the values
that are stored for various elements of the matrix. Example 6
snows how the PRINT=STATUS commands may be used for this purpose.

The values printed are the current valﬁes, including any changes
that have been made with input data cards.

The final command in Example 6 illustrates another
feature. The characters for any input or command card do not
have to appear in any particular set of columns. Blanks are
"squeezed out" on all cards except those specifying headings.
Thus, the final command in this example accomplished exactly
the same function as the previous one.

Example 7 illustrates the SENS and DELTA commands in
several different forms. Note that a special heading is printed
to give information about the variable that was perturbed and
the amount of the perturbation. Also, the printing format is
changed to show more digits to the right of the decimal point.

The STEP and PRINT=TABLE commands are demonstrated in

Example 8. The STEP command provides a means for evaluating the
elements of the matrix a number of times in succession, with
one of the variables incremented each time. Several examples

of the use of the STEP command are given. In the first case,

the simplest form is illustrated. Only the element being "stepped"
is specified; the program assumes five steps and an increment of
+1%. The normal printing format was retained (with all but one
line deleted in this example to conserve space), resulting in

the abbreviated matrix being printed five times. A more convenient
printing format can be specified with the PRINT=TABLE commands.

As shown, they make it possible to rearrange the data in a tabular
form with up to ten columns (seven when using a remote terminal).
The element to be printed in each column is specified by the user.
Other forms for the STEP command are also illustrated.



Examrle 9 demonstrates

the HDG commands. Up to five

lines of heading may be specified, and the printing of the
heading may be suppressed if desired. The specified lines of
heading are destroyed only when new lines are supplied. Normally
tihe headincg will be centered; however, as shown, the HDG=N@CENTER

cemmand causes the heading to be

Tynical error messages

left-justified.

are illustrated in Example 10.

In some cases, the error is corrected in a subsequent card. Note

that the PRINT=N@DATA command is
occurs, but it remains in effect
Although a card may contain more
comment ref~rs only to the first

overruled whenever an error
for any subsequent correct card.
than one error, the printed
one encountered by the program.




EXAMPLE B-1

SIMPLE EXECUTION

@run jim,jIm,example

DATE: 062571 TIME: T175514
@xqt wap*wap.lm
last
LAST
ASC APS DSC DPS LM
DSCNT 5755.1 5207.6 6118.2 19508.5 36589.4
LINEAR -97.0 -30.,2 -18759.2 -18886.4
v=7013.90
I= 302,30
TCHDWN 5658.1 5207.6 6088.0 749.3 17703.0
-19.8 -6088.0 -749.3 -6857.1
ASCNT 5638.3 5207.6 10845.9
-99,7 -4957,2 -5056.9
V=6079.80
1= 309.40
DOCK 5538.6 250.4 5789.0
stop
STOP v
STOP OR END COMMAND=---RUN TERMINATED
@fin
RUNID: JLM ACCOUNT: JLM PROJECT: EXAMPLE
TIME: 00:00:00,185 IN: 5 QuUT: 0O PAGES: 1

INITIATION TIME: 17:55:14-JUN 25,1971
TFRMINATION TIME: 17:56:37-JUN 25,1971
CORE-SECONDS: 2

10 COUNT: 26

CHARGE: 0,094



EXAMPLE B-2

EXPANDED PRINTOUT

@run jim,jlm,example

DATE: 062571 TIME: 180455
dxgt -wap*wap.Ilm
print=labels

PRINT=LABELS

last
LAST
ASCENT ASCENT DESCENT DESCENT TOTAL
STAGE PROP, STAGE PROP. LM
WEIGHT WEIGHT WEIGHT WEIGHT WEIGHT
BEGIN DESCENT 5755.1 5207.6 6118.2 19508.5 36589.4
"v=7013.90 ISP= 302,30 L
CONSUMABLES
AND PROPELLANT -97.0 -30,2 -18759,2 -18886.4
TOUCHDOWN ON LUNAR SURFACE 5658.1 5207.6 6088.0 749.3 17703.0
JETTISONED WEIGHT
-19.8 -6088.0 -749.,3 -6857.1
BEGIN POWERED ASCENT 5638.3 5207.6 10845.9
"w=6079.80 ISP= 309.40
CONSUMABLES
AND PROPELLANT -99.,7 -4957..2 -5056.9
DOCK WITH CSM 5538.6 250.4 5789.0
stop
STOP

STOP OR END COMMAND=---RUN TERMINATED




EXAMPLE B-3

CHANGING DATA IN MATRIX

@xqt wap*wap.Ilm
dscnt

DSCNT
asc=5800
ASC=5800
last
LAST
ASC
DSCNT 5800.,0
LINEAR -97.0
v=7013.90
I= 302,30
TCHDWN 5703.0
-19.8
ASCNT 5683.2
’ -99.,7
V=6079.80
1= 309.40
' DOCK 5583.5

print=nodata
PRINT=NODATA

dsent
asc
dsc
aps=aps+50
tchdwn
dps=600
dock
aps=old
last
ASC
DSCNT 5859.4
LINEAR -97.0
V=7013.90
l= 302,30
TCHDWN 5762.4
-19.8
ASCNT 5742.6
-99,7
V=6079.80
1= 309,40
DOCK 5642.9

S

APS
5207.6

5207.6

5207.6
~4977.7

229.9

APS
5257.6

5257.6

5257.6
-5027.7

229.9

DSC DPS LM
6118.2 19508.5 36634.3
-30.2 -18782:.2 -18909.4
6088.0 726.3 17724.9
-6088.0 -726.3 -6834,1
10890.8
=5077.4
5813.4

DSC DPS LM
6254.5 19508.5 36880.0
-30.2 ~-18908.,5 -19035.7
6224.3 600.0 17844,3
-6224.3 -600.0 -6844,1
11000.2
-5127.4
5872.8

t
S?BP OR END COMMAND=---RUN TERMINATED




EXAMPLE B-4

ERROR MESSAGES AND PRINT=GOOF COMMAND

@xgt wap*wap.Im

print=nodata
PRINT=NODATA

dscnt

asc

last

NO SOLUTION=--DATA INSUFFICIENT

print=goof
last

NO SOLUTION=-DATA INSUFFICIENT

ASC
DSCNT UNKNWN
LINEAR -g97.0
v=7013.90
= 302,30
TCHDWN UNKNWN
-19.8
ASCNT UNKNWN
-99.7
V=6079.890
1= 309.40
DOCK UNKNWN
dscnt
asc=5800
"dock
asc=5000
lTast

***) | SCREPANCY ENCOUNTERED

SUM=

ASC
DSCNT
LINEAR
v=7013,90
I= 302.30

TCHDWN

ASCNT

vV=6079.80
I= 309.40

DOCK

S

5800.
-97.

5703,
-19.

5683,
-99.

5000.

5000.00 SUMTST=

0
n

0
8

2
7

0

APS DSC
5207.6 6118.
-30'
5207.06 6088.
-6088.
5207.6
UNKNWN
UNKNWN
IN SuMs,
5583.50 A=
APS DSC
5207.6 6118,
-30.
5207.6 6088.
-6088.
5207,6
UNKNWN
UNKNWN

top
STOP OR END COMMAND---RUN TERMINATED

DPS
2 19508.5
2 UNKNWN
0 UNKNWN
0 UNKNVIN

EVENT ASCNT

5683.70
DPS
2 19508.5
2 UNKNWN
0 UNKNWN
0 UNKNWN

LM

UNKNWN
UNKNWN

UNKNWN
UNKNWN

UNKNWN
UNKNWN

UNKNWN

-99.70

LM

36634.3
UNKNWN

UNKNWN
UNKNWN

10890.8
UNKNWN

UNKNWN



EXAMPLE B-5
PRINTING AN ABBREVIATED MATRIX

@xqt wap*wap.Ilm

print=nodata
PRINT=NODATA

last
ASC APS DSC DPS LM
DSCNT 5755.1 5207.6 6118.2 19508.5 36589.4
LINEAR -97.0 -30,2 -18759.,2 -18886.4
v=7013.90
1= 302.30
TCHDWN 5658.1 5207.6 6088.0 748.3 17703.0
-19.8 ' -6088.0 -749.,3 -6857.1
ASCNT 5638.3 5207.6 10845,9
-99,7 -4957,.2 -5056.9
V=6079.80
= 309.40
DOCK 5538.6 250. 4 5789.0

print=columns-aps-dps
print=events-tchdwn-ascnt

last
ASC DSC LM
DSCNT 5755.1 6118.2 36589.4
LINEAR -97.0 -30.2 -18886.4
V=7013.90
1= 302.30
DOCK 5538.6 5789.0
p=e-dscnt+tchdwn
p=c+all-dps
1
ASC APS DSC LM
TCHDWN 5658.1 5207.6 6088.0 17703.0
-19.8 ~-6088.0 -6857.1
DOCK 5538.6 250.4 5789.0

end
STOP OR END COMMAND---RUN TERMINATED




EXAMPLE B-6
STATUS COMMANDS

dxqt wap*wap.1lm

p=nd
P=HD
print=status,all
AsC APS bSC
TRINT) 5755.1 5207.6 L1i18.2
LINEAK -97.0 -3u,2
V=7ulla. 49U
l= oud.ov
TeHuwi Vil UN KN UNKNWN
-19.8 UNKNsIN
ASUNT UNKNWN UNKHNnN
-4y ,7 UNKNWN
V=0U79. 38U
I= 309.40
DOCK UNKHWN UNKRNWN

=c-all+asc+lm
B=e-all+dscnt+dock
print=status,part

ASC LM
DSCNT 5755.1 UNKNWN
LINEAR -97.0 UNKNiiN
V=7013.90
1= 302.50
UULK URKHNWN UNKNWN

print=status, lin/dock,dasc/ascnt
L (UDUCK ) sUulKiwi
VAL  (ASCWT )= ~y9.7
ascnt
dasc==3UuJ
‘p=s,dasc/ascnt, dps/dock, lin/dock
VASLC (ASCHT )= =300.,0
uPo (LUCK )=
Lid (UDUCK ) =UNKNWN
p = s, d asc/ascnt,

DASC (ASCNT )= -300.0
LPS (DOCK )=
L (DOCK ) =UNKNWN

stop
STOP OR END COMMAND=-=--RUN TERMINATED

DPS Lbi
19508.5 UN KN W
UNKNWN U R i
UNKNWN UNKHwH
UNKNwH UNKNWiN
UNKNWH
UNKNWN
UNKHNWN

dp s/do ck, Im /doc k




EXAMPLE B-7

SENSITIVITY COMMANDS

dxgt wap*wap.Im
p=nd

P=ND
sens=isp/dscnt
sens=yes

last

SENSITIVITIES TO ISP

ASC APS
USCiT
LINEAK
V=
I= 1.uUuu

TCHUWN

AsUT

)
|

LOCK

p=e-all+dscnt+tchdwn
sens=i/dscnt-1.5
1

SENSITIVITIES TO ISP

ASC APS

DSCRT
LINEAR
V=
I=  l.0U0U0

TUHUWN

(DSCNT ), DELTA= 3.023
bSC DPS LK
42.05206 42.0520
42.0520 42.0525
-42.U0520 -42.U525
(DSCNT ), DELTA= ~-1.500
DSC DPS Li
42.4558 L2.4558

42.4558

42.4558




EXAMPLE B-7 (Continued)

s=isp/dscnt+lu*y
1

OENSITIVITIES Tu ISP (LSCHT ),

Aol APS
USCRHT
LINEAR
V=
= 1.0000

TCHDWN

sens=no

delta=yes
1

CHANGES DUE TO CHANGE IN ISP

ALC APS
VoCiNT
LIiNEAR
V=
l= 50L.23v

TCrHUWN

stop

STUP UK ENU CUMMAND===RUN TERMINATED

vsSe

(DSCNT ), DELTA=

DSC

LPS

1202.1v4

1202.104

DELTA=  30.23u
uPs Lid
39,7653  39.7653
39,7653 39,7653

30.230

Li

1202.104

i202.104



STEP AND TABLE COMMANDS

dxqt wap*wap.lm
p=nd

P=ND

p=e-all+dock
step=asc/dscnt

step=yes

1

wUCK

DOCK

DUCK

[VIVIFN

ASC

5538.b

Aol

5590.2

ASC
5653.7

ASC

5711.53

ALC

570v8.8

EXAMPLE B-8

APS

Z50. b

APo

24,1

APS
197.8

APS

171.5

AP

lab.2

usC

DSC

DSC

LPS

uPs

DPS

uPs

Lid

57849.0

Lin

5820.3

LM

5851.5

LM
5882.38

Lia

59l1l4.U



EXAMPLE B-8 (Continued)

print=table,l/asc/dscnt, 2/daps/ascnt, 3/ lin/dscnt
print=tavle
last

Aol UAPS Li4
(DSCHT ) (ASUNT ) (USCKT )

5755.1 -4457.2 36589.4
b8l2.7 ~4983.5 36647.0
5870.2 -5009.38 36704.5
5927.8 -5036.1 36762.1
5985.3 -5062. 4 36819.6

?tep=asc/dscnt/3+100

ASC DAPS LM

lali

(DSCNT ) (ASCNT ) (DSCNT )

5755.1 -4957.2 36589.4
5855.1 -5002.9 36689.4
5955.1 -5048.6 36789.4

p=t,2/delete,5/aps/dock
st=asc/dscnt/3-2*percen
|

. L APS
O3tNT ) (USCNT ) (DUCK )
5755.,1 56569. 4 250.4
5040, 0 30474,.3 303.0
5524.9 36359.2 355.6
step=isp/dscnt
p=t,6/isp/dscnt,1l/ddps/tchdwn
1
DDPS LM APS ISP
(TCHDWN) (DSCNT ) (DOCK ) (DSCNT )
-749.3 36589.4 250. 4 302.3
-876.4 36589.4 250. 4 305.3
-1002.0 36589.4 250.4 308.3
-1125.9 36589.4 250. 4 311.4
-1248.3 36589.4 250.4 314.4

stop
STUP UR END CUMMAND=--KRUN TERMINATED




EXAMPLE B-9

HEADING COMMANDS

dxgt wap*wap,. lm
p=nd

P=ib
p=e=-all+dock

1

AL( APo usc VPSS

UUCK 5533, 6 250.4

print=hdg

hdg

exaiple of heading
|

EXAMPLE OF HEADING

ASC APS DSC DPS
DOCK 5538.6 250.4
hdg=3
h
example of heading---line 1
line 2
line 3
last
EXAMPLE UF HEADING===LINE 1
LINE 2
LINE 3
ASC - APS DSC DPS
UUCK 5538.6 250.4

L
5789.0

LM

5789.0

LM

5789.0




EXAMPLE B-9 (Continued)

hdg=2
last
EXAMPLE UF HEADING-=--LINE 1
LINE 2
ALL APS TRYH uPs L
UJCh 5558.0 25U.4 57849.0
h=>
h=nocenter
last
EXAMPLE OF HEADING~-=--LINE 1
LINE 2 '
LINE 3
ASC APS DSC DPS LM
DOCK 5538.6 250.4 5789.0
stop
STUP OR ENU CUOMMAND=-=--RUN TERMINATED
dfin
rUNID:  JLKM ACCUUNT: JLM PROJECT: EXAMPLE
TIME: Uu:UU:U2,438 In: 80 VUT: 0 PAGES:
INITIATIUN  TILHKE: 18:58:37-JUN 25,1471
TEKMINATIUN TIME: 19:30:35-JUN 25,1971

CURE=-oECURNUS: 1o
U CUUNT : 86
CHARGE: U.617




EXAMPLE B-10

ERROR MESSAGES

dxgt wap*wap.lim

nd

ND

"D ' NOT RECOGNIZED

p=nd

P=HD

asc=5800

ASC=5800

NO EVENT SPECIFIED YET---ABOVE LINE IGNORED
dscnt
.ascnt=5300

ASCHNT=5800

ABUVE LINE IN ERROR===I1GHNORED
asc=5300

docking

YUDOCKIN' NUT RECUGNIZED
douck

isp=d4vy

foP=4Uu

NU- BURN Tiilo EVENT=-=--ABUVE LINE IGNURED
dlin==5v

ubLin==by

CHANGE Tu FINAL EVENT==--ABUVE LINE IGNURED
XXXXXX XX

"XAKAAX'" NUT RECUGNIZED
old

'OLb " NOT RECOGNIZED
aps=0ld
asc=asc+100

ASC=ASC+100

VARIABLE 1S AN UNKNOWN=---ABOVE LINE IGNORED
dsc=dsc+asc

DSC=DSC+ASC

ABOVE LINE IN ERROR--~[|GNORED
Print=events--dscnt :

ABOVE LINE IGNORED (TWO OPERATORS IN SUCCESSION)
asc==50

ggOVE LINE IGNORED (TWO EQUAL SIGNS)

ABOVE LINE IGNORED (FIRST CHARACTER IS AN EQUAL)
asc=5v.2.3

ABUVE LINE 1GNURED (TwWwO UECIMALS IN UNE NUMBER)
5=2.3

ALUVE LINE KGNYRED (FIRST WURD IS A NUMBER)



EXAMPLE B-10 (Continued)

Print=events-dscnt+jjjj
PRINT=EVENTS=-DSCNT+UJJJ

PRINT COMMAND IN ERROR-==INVALID PART IGNORED
printl

"PRINT1' HUT RECOGHIZED
print=

PRINT=

Pl NT COLIARND TN ERRUK===1GIWURED
pP=

P:

Pl CuimelANU il ERRUK===GIWURED
print=yes

PKINT=EYES

PRIENT CuritlAD T v ERRUK===GNUKED
seis=lu/dscnt
sens=yes

last

LAoT

PERTUKDING VARIABLE 1S AN UNKNUOWN==='"LAST' COMMAND 1GHNURED
sens=asc/aps

SENG=ALC/APS

SENS UR DELTA COMMAND IN ERROR===1GNORED
print=table,,2/lia/dscnt

ABOVE LINE IGHORED (TWO OPERATORS IN SUCCESSION)
print=table, lin/dscnt/2

PRINT=TABLE, LM/DSCNT/2

PRINT COMMAND IN ERROR==--INVALID PART IGNORED
print=table,2/1n/dscnt
print=table,3/1m

PRINT=TABLE,3/LM

PRINT COMMAND IN ERROR=-=-=-INVALID PART IGMNORED
p=tanl,2/lin/dscnt

P=TABL, 2/LH/DSCNT

PRINT CUMMAND tH ERROR===]GKNUORED

step=asc/asc

olTEP=ALL/ASL

OTEP CUlidARU il ERKUK===]GIHUKED
print=sidcus,asc

PRINT=0TATUS, ASC

Pt CotlaANy  Tid ERKUK===GNUOKED

stop -

OTuP UK ENU CUMMANU===rULIl TERMITIATEU

efin
KUNIU:  JLi ACCUUNT: JLid PROJECT: EXAMPLE
TIWE: vu:ul:dl.251 IN: 54 UUT: 0 PAGES: 3

INITIATIUON  TIHE: 20:03:30=-JUN 25,1497
TERMINATIUN TIME: 20:15:58=-JUN 25,197
CURE-SECONDS: ©

U COUNT: 38

CHAKGE: U.271

1
1




APPENDIX C

PROGRAMS AND SUBPROGRAMS
SUMMARY AND LISTINGST

PRECPL

PRECPL is the precompiler, which is used for the
initial set-up of the problem. The user supplies data speci-
fying the names of the columns and events and the initial
value of each element of the matrix (including the delta-
velocity and specific impulse for each burn). Each element
may be specified as an unknown or a constant. PRECPL uses
these data to generate a main Fortran program that is used
with the subprograms to solve the specified problem. The
only purpose of this generated main program is to supply the
initial conditions and the names of the columns and events to
the subprograms. Control of the execution is via subprogram
B@PDY, which is called by the main program. The main program
generated for the examples shown in this memorandum, called
LM, is listed at the end of this appendix after the listing
of PRECPL.

PRECPL is self-contained and does not reguire any
of the other subprograms.

B@DY

B@DY is the primary part of the program. It is
called by the generated main program, and it governs the over-
all flow of the execution. It controls the reading of all input
data and determines what to do with the Ffata. First, each input
command or data card is examined for errors in format. Then
B@DY proceeds to carry out the command or update the matrix with
the new data. When a "LAST" card is received, B@DY begins the
process of solving for the unknowns in the matrix. The actual
solution is accomplished by a series of calls to other subprograms.
If a solution is obtained it is printed in accordance with pre-
viously given instructions. If there is no solution or an error
has been made, this information is printed. Re-initialization
then occurs, and the program is ready for new commands or data.

ITERAT

ITERAT is used whenever it is necessary to perform
the iteration process described in the body of this memorandum.
In this case ITERAT performs the following functions. First,

+ Listings are at the end of this appendix.
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an unknown variable in the matrix is selected and assigned

a value. Then an already known element is selected as a target
or comparison variable, This element is made an unknown, but
its actual known value is saved. The modified matrix is
returned to B@DY where an attempt is made to solve it with the
assumed value for the unknown. If a solution thus obtained
results in a match between the newly calculated and the desired
values of the target variable, the assumed value is the correct
one. If a match does not occur, an appropriate modification is
made to the assumed value and the process is repeated. This
iteration is continued until the proper solution is found, or
until it is determined that it cannot be found with this com-
bination of elements for the iterating and target variables.
Other combinations are then tried until the proper solution is
found.

P@S

Subroutine P@S is used to center the heading. Blanks
at the beginning and end of the heading are ignored, but the
spacing within the heading is retained.

PRINT1

PRINT1 is used to print the output matrix when the
abbreviated names (not the more lengthy labels) are desired.
The proper formats are set up, depending on whether the results
to be printed are sensitivities or the normal values of the
elements of the matrix. If an abbreviated form of the matrix
(with some columns or events deleted) has been specified, the
required conditions are set up. Then the headings and values
of the elements of the matrix are printed in accordance with
previously specified instructions.

PRINT2

PRINT2 functions exactly like PRINT1, except the more
detailed labels are used, resulting in a more complete descrip-
tion at the expense of space.

PRINT3

PRINT3 is similar to PRINT1, but it is used when the
tabular form of output is desired.

READ
Subroutine READ is used to read in data and commands.

All 80 columns of a card are read and then processed. Blanks
are ignored. The information is checked for errors in format.
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Information returned to the calling program include the number
of "words" on the card, the operator associated with each word
(+, -, *, /, or comma), and the type of word (alphanumeric
characters or all numbers). Both integer and floating point
numbers are accepted by READ, but intergers are converted to
floating point before the return to the calling program. For
alphanumeric variables only the first six characters are con-

sidered.
RPCKET

. Svwbroutine R@CKET is used for solution of the rocket
equation. R@CKET solves the type of problem diagrammed below.

APPLICATION OF ROCKET EQUATION

DELTA VELOCITY = AV

EVENT A EVENT B

INITIAL MASS = MI SPECIFIC IMPULSE =15P FINAL MASS = MF

PROPELLANT MASS = MP

CONSUMABLES MASS = MC

This represents a rocket stage with an initial mass, MI, and an
engine with an efficiency characterized by the specific impulse,
ISP. If the engine burns a propellant mass, MP, and the amount
of consumables (oxygen, water, ablative material, etc.) used is
MC, then the final mass is MF = MI-MP-MC and the vehicle experi-
ences a change in velocity of AV. These six variables, in any
combination of knowns and unknowns, are provided to R@CKET. If
they appear in a combination that cannot be solved because there
are too many unknowns, R@CKET returns to the calling program with
a logical variable, DPNE, set to FALSE. 1If all six of the input
variables have known values, ROCKET checks them to be sure they
are internally consistent. If they are, D@PNE is set to TRUE
before returning. If they are not consistent, an error message
(see last paragraph of this section) is printed with a summary
of the data and the event they were associated with, and control
is returned to the calling program. If all six input variables
are not known, but there is sufficient data to determine one or
more of the unknowns, RPCKET chooses the proper form of the
rocket equation, and returns to the calling program with the
result and with D@NE set to TRUE.
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RPCKET treats the consumables mass MC in one of two
ways, as specified in the calling argument LINEAR. If LINEAR
is FALSE, the consumables mass is assumed to be removed dis-
cretely after the burn is completed (i.e., enough propellant
must be provided to carry MC throughout the burn). If LINEAR
is TRUE, the consumables mass is assumed to be removed linearly
during the burn. The equations solved are as follows:

A. For LINEAR = FALSE

MI = MF+MP+MC

AV = ISP*GxILN MIT

MI-MP
B. For LINEAR = TRUE
MI = MF+MP+MC

ISPxG+MP ___ [MI|

AV = M —MF *LN‘MF’

For some combinations of the six input variables a
transcendental equation is involved, and iteration is necessary
to find a solution. If this is attempted but convergence is not
achieved, the error message

* **NEWTON-RAPHSON FAILED, EVENT ENAME
is printed, where ENAME is the name of the event involved.

If the data provided to R@PCKET are inconsistent, an
error message of the form

***DISCREPANCY ENCOUNTERED IN ROCKET, EVENT ENAME
DV= 7013.90 DVTEST= 6961.27 ISP= 302.30
MI= 37000.00 MP= 18872.80 MC= 127.20 MF= 18000.00

is printed where the numbers shown are typical. Again, ENAME is
the name of the event involved. DV is the delta velocity that
was provided to R@PCKET. DVTEST is the delta velocity that was
calculated from the other quantities that were provided to
RPCKET. ISP, MI, MP, MC, and MF are the variables that were
defined earlier in this section.

SUMS

Subroutine SUMS is given an array, A, of N numbers plus
a variable SUM, which represents the sum of the numbers in A.
These N+1 variables may be given in any combination of knowns
and unknowns. If SUM and all of the A's have values, SUMS checks
the validity of SUM. 1If a discrepancy is found, an error message




_CS_

is printed with a summary of the data and the event they were
associated with, and control is returned to the calling program.
If SUM and the A's are consistent, SUMS returns with a logical
variable D@NE set to TRUE. If only one of the N+l variables

is unknown, SUMS calculates the unknown variable and returns

to the calling program with D@NE set to TRUE. If there is more

than one unknown, SUMS returns to the calling program with D@NE
set to FALSE.

The error message that is printed if the data are in-
consistent is of the form
*%*DISCREPANCY ENCOUNTERED IN SUMS, EVENT ENAME
SUM= 5000.0 SUMTST= 5583.5 A= 5683.20 -99.70
ENAME is the name of the event involved. SUM is the sum that
was provided to SUMS. SUMTST is the sum that was calculated

from the other quantities that were provided to SUMS. A is
the array of N numbers.

TEST

TEST is called by B@DY whenever an iterative procedure
is required to solve the problem. TEST determines whether or
not sufficient information is available to obtain a complete
solution to the problem. The number of independent, known
elements in the matrix must equal a critical value if the matrix
is to be completely determined. This critical number is equal
to the total number of elements in the matrix minus the total
number of independent equations relating these elements. TEST
begins by calculating this critical number. Each element whose
value is known is then examined to determine whether or not it
is independent of all other known elements, and the total number
of independent, known elements is found. If this number is equal
to the critical number, a complete solution can be found. 1In
this case, control is returned to B@DY which procedes to solve
the problem using iteration. If the total number of independent
known elements is less than the critical number, the data input
to the program is insufficient to completely solve the matrix.
In this case, control is returned to B@DY where the message

N@ SOLUTION--DATA INSUFFICIENT

is printed out, and no further attempt is made toward solution.
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4
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47
43
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52
53
54
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[eNeNe!

S0

PRECPL

HE AL ME(50), MPE(50)
LOGICAL EVINTS, FLAG
erFlaGLy FLAG2, FLAG?
e LINFLG(S0)» NEGFL.G
IMENSTON V(12) VAR(12+101)
INTEGER BLANK /9 '/ COWRN(10)/10%'Dvy
et CH(E0) » CHEAD(20¢3+10)/760%r ¢/ ,CHSAY
et COMMA /1, v/ CWCRD(10) DELETE/'DELFETE"/
e 2 DISCRE/YDISCREY /o NOLLAR/ 'S '/ END /'END v/
W EQUAL /= '/ EVENT /'EVENT 1/, IBIRMN{S0)
e d 1C(5Y /3x102%2 /o ISUBHD (B0) , IVAR(12,101)
et LAST  /LAST v/, LINEAR/YLINEART /) MINUS /1= v/
arblUS /04 L) POINT /1. vt/ RHEAN(5:50)/250% v/
P KSUBHU (59 39 H0) /750%r v/, RWORN(50)
et GLASH /97 '/ STaAR /% '/ STOP /*STOP v/
ot TAG(L3) TAGL(S) /*DELTAVDY Vv ISP T v/

AN e min e g
st LU/ T HULTY Y/

ODATA (TAG(1)+»1=6+13)/'DISCREHDG LAST  LINEARRESTARDDDDDDELTAV 1
s SCREY/

FQUIVALENCE (TAGrTAGL), (VAR IVAR)
READ AU PRINT A CARP

READ (5926, ND=245)CH
FORMAT(80AL)

PicINT 27,CH

FORMAT (v ',8UAl)

IWITIALIZE

J=0

Kn1z=J

ne=0

K320

ny=y

L==~2

FLLAGZ .FALSE .
NEGFLG= . FALSE.

CHECK CHARACTERS ON CARD FOk VALIDITY

Q0 44 1=1,80

IF(CH(L) eNE«STARWANDSCH(I) NE.DOLLAR)GO T 35
IF (L oilE o =2 d ANDWSCH(I) sNEJCHSAV)YGO TO 43

L=b.+1

ik{L) , 30,2060

CHSAV=CIH(I)

Rlsd+]

0o TU 44

ne=d

wO TO 4y




PRECPL

57 3%  iF(L.EQW.=1)G0 TO 43
55 IF(CH{1) sCWeBLANK)IGO TO 44
59 LF(CH(I) JHEELQUAL)GO TO 40
6U IF(K3,NEW0,OR JLEQ.0,0R.L.EQR,0)G0O TO 260
ol n3z=Jd+1
02 oC¢ TO 44
63 4y  LF(K3,EQ,0)G0 TO u3
o4 IF(CH(1) dEWPLUS)GO TO 41
65 LF(CH(1) JNESMINUS)GO TO 42
6o e GFLG=z . TRUE,
Y4 4]l IF(FLAG.ORKILEJeORKLULHELD)YGO TO 260
o8 FLAGZ, TRUE,
09 oU TO uy
J 42 IF(CRH((I) NECLPOINT)IGO TO 43
71 1F(Kae HE,0)G0 TO /260
72 K4=J
73 60 TU 4i
74 43 JzJ+l
7o Ch(d)=CH((D)
70 4y CONTINUE
77 IF(JeEue 0o AND K1, EW,0)60 TO 25
74 iF(LeEWe=1)6G0 TO 200
79 KK=u
30 CALL PACK (1930 ITEAP)
81 IF(ITEMP EQ,EnND)IKK=3
82 CALL PACK(Yo4,1TEiP)
83 IF(ITEMP ., E0,STOP)YKK=Y
a4 IF(KK.EQ.0)G0 TO 46
85 C
80 C STOP OR END COMMAND
87 C
838 IF(chEQo’\K"’loOi‘\.KB.EQQK““"l)CU T0 260
89 IF(JUJHEKKeOR.KL1.NEL0)GO TO ub
9u PRINT 45
91 45 FORMAT(* RUN TERMINATED')
92 STOP
95 46 FLU(CU 6 ITEMP)=FLD(0r»0 e CH(D))
94 LFAITEMP EQe EVENUT AlD (K1, EQ.N.0K,K1.G6T.5))G0 TO 110
Yh FLUC30»0s ITEMP)ZFLD(0r6rCH(6))
9% LFITEMP JNE s DELETE eOR (K1 o NE e 0o AND«K14LT,7)s0R,J.FQe5)G0 TO 57
97 C
94 C DELETE COMMANU
99 C
1400 IF (K1 NE 0. ORK3.MEL0)GO TO 260
101 IF(EVENTS)60 TO 51
102 {F(LICOLWNELO)GO TO 48
103 PRINT 47
104 47 FORMAT(Y MOTHING TO DELETE = ABOVE LINE IGNOREDY)
105 oG TG 25
100 48  PrRINT 49
1o7 49  FCRMAT(Y COLUMN UFLETEDY)
108 DO B0 IzZil2
1U9 wls SU f\:l'j
119 50 CHLAUL (LK LCOL) =gl ANK
111 icOLzICOoL=-1
112 oG TO 25

115 51  PRINT b2




114
115
1lo
117
113
119
120
121
122
123
124
125
120
127
128
129
130
131
132
135
134
15>
130
137
1338
139
1440
141
142
1495
144
145
146
147
1448
149
150
151
152
193
154
155
150
157
1bou
159
loU
lol
1ol
165
lok
1oL
loo
107
108
169
170

[aNeXe

k)

(2]
)

(¢
[€X]

o

55

57

of

o))

(S30)

ol

PRECPL

FORMAT(' EVENT DELETED®)

e 23 I=1,H

RHEAL (L IROW) =L ANK

bu 93 Kz1¢3 : :

KSUBHD (12K » IROW) =8LANK

Ie=2*xIKROW+1

Fz IBURN(IROW)

L{F(FLAGL)VAR(MsI2) =0,

VAR(ICOL,1I2)=0.

{CP2zICOL+2

JO 94 I=1.2

i2=le-14

UG 54 d1=1,ICP2

VviRk(li.I2)=0,

LitURN(LIROW) =0

LINFLG(IROW)IZFALSE.,

I OW=IROW=1

LVEU‘TS:IRON o Nl o O

IF (LNOTLEVLNTS)G0 TO 25

Mz IURN (IROW)

FLA\Sl:lVl.NE. 0

IF(FLAGL)YVAR(Mei2)=MPF (IKCW)

VvAR(ICOUL, I2)=MF (1IROW)

v 55 1=0,1

UG B 11z1.,1CPe2

IF(IVAR(ITIZ2=]I) JHELU)FLAG2=.TRUE,

FLAGO=z .FALSE.

Lo TG 25

IF (EVERNTS)YWLO0 TO 185

IF UKL EQ el eOReKLeBTaToeURHELeNF a0 AN K2 eNE eJeORKPeEQ,0aANDeJGT 4
cURGKAINE.D0)GU TO 260

CULUMiv SPECIFICATION CARD

CALL PACK ({14, 1T5N12)
IF(ITEMP WELLASTIGO TO LHe
IF(h1.EQ.5)00 TO 260
IF(J. Q. 4)60 Tu 236
IFIICOL.NEL1IU)GO TO o0
PRINT »9
FORMAT (Y TOO MANY COLUMNS CALLED FOR = OnLY 10 ALLOWED = ABOVE LIM
L IGKOKREDY)
v TC 25
R=d
IF (K1, NEL,0)K=K1~1
Cakle PACK (Leiny LTEMP)
100 0l I=1,13
IFCLTEMP FueTAG(INIIGO 10 ¢35
iF (ICOL.EQ.0)GU TO 65
LTMPIzZFLO (O 30, 1TEMP)
IF(ITMPL Q. FLO(O0» 20, TAG(L2)) 0 ITHPLENFLU(NYR0»TAG(13)))G0 TO
[§3°)
Ut bz I=zisiCol
IF(ITUPLeQeFLD(Ar 30 CWORU(IN) e AMNDGHFLD (0,60 CWORPD(1Y)) JEQ,
FLR(U 0o DELETED)IGO TO 03
LF LT  EueFLu(0e309Ca0RL(IN)WORJITEMPJENCUKRN(T)ION TO 63
v Tu b



171
172
175
174
175
170
177
178
179
180
1861
182
185
184
185
i8o
187
184
139
190
191
192
193
194
195
196
197
190
199
200
201
202
203
204
205
200
207
208
209
210
211
212
213
21y
215
Zlo
217
218
219
224
221
222
223
224
225
226
227

03
(o118

oy
n

5

(1%

70

5

&

100
165

110
il1

lig

i1

o

21

PRECPL

Fi+ INT o4, ITEMP

FORMAT (v COLUMN [NAME ve1,76p09r IS ILLEGAL ~ ABOVE LINE IGNORED?)
wi TU 25

LF (KL 0E.K2)60 TO 100
LF(CH(RZ) ¢ 2QSLASIHNGU TO w6

Ne K+

L (K2 ) =SLASH

WSLASH=Z0

WFIRST=K1

UG 70 K=Kl K2

LFACH(R) JHESLASH)IGO TU 7¢

L CNOLASH LG e 34 Ol o K=KFIRSGT LGT Q)00 TU 2A0
NSLASH=MSLASH+1

RFIRST=K+1

CONTINUE

KRFIRSTzZKL

lz=1

1COL=ZILOL+1

U0 850 R=KFIRST,K2

1F (CH{K) ¢C2eHLABIIGO TO &

CONT LjwuE

nzh=1

LF(KFIRST.oTKIGU TO 95
IF(KekFIRSTe0Tn} 50 TO 9g

Lkl PACK(RFIRSTsK»CHEAD(L»I2»ICOL))

o TO 9%

CALL PACK (RFIRSTyKFIKST+H,CHEAD(1,I2,1ICOLY)
CaLll PACK(AFIRST+6He Ko CHEAN(20e12921ICO0L))
KEIRSTZK+2

P (KFIRST uTeK2)GD TO 105

vz le+i

o TU 7:)

lCOLZICOL+1

CceurL(ICOL)Y=ITEMP
FLD(B230,CuWRDIICOLY)IZFLD{0er30,CWwORM(ICOLY)
vo TU 24

EVENT SPECIFICATION OR paTA CaRD

IFCICOLGTL.2)G0 TO 115

IFCICOL.ENLO)PRINT 111

FORMAT (Y CANINOT SFGIHN wITH EVENTS = AROVE LINE IGMOREDY)
IFCICOLLNELO)PRINT 114

FORMAT(Y AT LEAST THRFLE CCLUMNS MUST RE CalLEr FOr FIRST - ABOVE L

«ib IGHORELY)

v TC &%

LF (KL LQePaOR KL eGTe12e0RK1FQRe0ANLeJeGTo11,0R,JeEQeS5.0R
K2™nleGT e27e0R K2 NEaUeitfiD e d=K2 6T +0+sORKI.NELN)RO TO 260
IF(IROW.NELDU)YGL TO 121

PRINT 120

FORMAT (Y TOO MANY EVENTS CALLFD FOR = OMLY 50 ALLOWED < ABOVE LINF
I1GHNORED?Y)

cO TU 25

Kzd

1IF (K1 nNE,0)K=K1=1

CALL PaCK(arKyITMFL)
IF(ITMP1..0.STOPOP,ITMP1EQEND,ORITMP1,.,E@Q,LAST)GO TO 125




PRECPL

2eb 10 12¢ I=1»10

229 LEEZ AF (ITrP1,EweTAG(1))GO 0 125

Z:)U v 123 I:],'ICOL

231 1e3 1F (ITMPL EQ.CHOKD (1) JORLITWPL 0, COWHD(1))G0 T 175
23z IE (LI OW.EQ.0IGL TO 127

c33 LG 1leg I=1.IROW

234 124 AR (ITMPL1.EQeRWORL(LNIGO TC 125

2359 v TU 127

230 125  PRINT 126, 1TMPL

37 1éo  FORMAT(Y EVENT WAME vttt Acet 1S ILLEGAL - ABOVE LINE IGNORED')
238 wu TU ¢5

239 Le? lF(KZ.tu.0.0K.KZ.EQ.J)GO TO 145

240 Cnll PACK(K2+1rJp TTEMP)

241 U0 130 I=1,IC0L

Su42 130 LF (LT P EQeCWORLEI) GO T0 137

243 130 PRIGT 135, TR

24 155 rORAAT(r tvvyppe vy NOT RECOGHMIZED = ABOVE LINE IGNORED?)
ZUH 60 TU 25

240 137 IF(I.nNELICOLIGO TO 140

o7 P 1T 133, ITeMP

24 135 FuRMAT (Y ILLEGAL RURIW SPECIFIFD BY trve, A6, - AROVE LINE IGNOREDN
249 o t)

25U ou TO &5

51 140 L1HEONZIROUW+H1

2h2 I3URN{IROW) =1

253 FLAGIZ . TRUE »

254 ouw TU 146

25D a1 0dz=IxOwW+l

250 FLAG1=zFalLsE.

eh? lhe  FLAGZ2z.FALSE.

2LY EVENTS= s TRUE o

200 PSUBHD (IROW) =0

261 RaORU(LROW) ZITMPL

262 iF (K1 GE.K2)YGD TO 151

205 no0

2ok U0 150 I=KirK2s06

209 R+l

200 10 oall PACK(LeMINU(T+59K2) s HHEAD (K9 IROW))

267 151 iF({IKOwW.£N.1)G0 TO 25

268 PRIz IKOwW=-1

209 = JOURN(IRAY)

27V noeklRUN=1

271 L (it o 0) APF (LRM1) VAR K)

272 ME CIRML)Y VAR (ICOLK)

2745 v TC 25

ST4 C .
275 C DATA CAKD

2To C

277 155 I (K1,£Q.0)G0 TO 140

273 1F(Kl.NE.1.0&.&2.GT.Zé.OR.KZ.ME.J)GO TO 260
279 Ik CISUGHD (LRO%W) 4LT,3)60 TO 165

230 P INT 160

281 160 FORMATLY TOO MANY SUBHEADINGS = AROVL LINFE IGNORENY)
282 g TG ¢S5

283 165  1SUSHD (IR0W) =15UGHD (IROW) +1

284 FLAGS=FALSE.



PRECPL

285 IF(KZ2,eQ.0)6U TO 25

260 1SUB=ISUBHO (IROW)

237 A=V

288 DO 175 I=zK1¢K2+6

289 K=K+1

290 175 Ciabkl PACK(LeMINO(I+59¢K2) 1 RSUBHD (K, ISUByIROW))
291 GG TO 25

292 180 IF(K3,8Q¢1.0RJLT,K3)YGO TO 260
295 h=dJ

294 IF (K3 NELO)K=K3=-1

295 CALL PACK(LeMINO(6eK)»ITEMP)

290 u0 190 I1=1,1COL

297 IFCITEMPHZ«CWORD(I1))GO TO 185
294 1z==1

299 wC TU ~10

300 185 IF(ITEMP JMEZCDWRD(I1))IGO0 TO 100
301 12=0

302 G0 T 210

303 190 CONTINUE

304 DO 195 I=1+,5

305 IF(TAGL(I) NELITEMP)GO TO 195
306 IF(.NOTLFLAGL1)GO TO 205

307 I1=ICOL+IC(I)

308 12=-1

30y G0 TO 210

31v i95 CONTINUE

J1l1 GO TO 230

31z 205 PrRINT 206

313 2U6 FORMAT(* NO BURN THIS EVELT = ABOVE LINE IGNOREND?)
S14 o0 To 25

31b 210 12z2%xIROW+I2

dlo IF(K3,NEL,0)G0 TO 215

317 IVAR(ILrI2)=bLANK

318 w0 TO 225

319 215  LF(K4,t0.0)K4=J

32U TEMP=0,

321 LG 220 K=K3¢dJ

Ae2 NMBRZFLD (0969 CH(K) ) =Ug

323 LF(IMBK LT 0, 0RGNM3R,GT.9)G0 TO 250
324 e TEMP=TEMP+IMBR*10, %% (K4=K)

325 VAR(I1,12)=TEMP

KY-{3) LF (NEGFLG)VAR(I1,12)==VAR(I1,1I2)
327 229 IF(2*IROW.LELIZ2)FLAG2=.TRUE »

326 FLAGS= JFALSE.,

329 ot TO 25

334 230 IF(ITEMP NE JLINEAR ANDITEMP  NENISCRE)IGO TO 235
331 IF(K3,NELD)GO TO 260

332 LF (NG T FLAGLYGO TO 205

335 LINFLG(IRON)=ITEMP ,EG.LINCAR

334 FLAG3=, ., FALSE,

339 e TO 25

336 P IF(ITLEMP i IELLAST)IGO TO 134

337 (K3, e ,0)60 TO 260

338 IF({IKOW.6GE.2)G0 TO 238

339 236  PRINT 37

340 237 FORAAT(* AT LEAST THREE COLUMNMS AND TWO EVENTS REQUIRED - AROVE LY

341 ofvt. IONURED?)




342
343
34y
345
340
347
348
349
350
351
392
353
354
355
356
357
358
359
360
561
362
363
304
565
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
38y
385
386
387
388
389
390
391
392
393
394
395
396
397
398

238

240

245

246

247

248

250
255

260
265

OO0

270

200

305

2190

31%

PRECPL

wQ TC 25
IF(eNOToFLAGL.AND «NOT.FLAG2)GO TO 270

IF(FLAG3)GO TO 250

FLAG3=,TRUE.

PRINT 240

FORMAT(* BURN AND/OR WEIGHT CHANGES SPECIFIED FOR FINAL EVENT = NO
oNE ALLOWED?*/' v*LASTerr ABOVE IGNORED = *'LAST+* AGAIN IF BURN AND/
+UKk CHANGES TO BE DELETED?Y)

60 TO 25

IF(ICOL.GE 43, AND,IROW.GE,2)G0 TO 247

PRINT 246

FORMAT(* AT LEAST THREE CCLUMNS AND TWO EVENTS REQUIRED = RUN TERM
« INATED?Y)

STOP

IF(FLAGL)GO TO 248

IF(«NOTW.FLAG2)GO TO 270

GO TO »50

IBURN(iROW)=0

LINFLG(IROW)=.FALSE.

i2=2*IROW=1

vaR(IcoL+1,12)=0.

VAR(ICOL+2,12)=0,

PRINT 255

FORMAT(* FINAL BURN AND/OK WEIGHT CHANGES IGNORED?Y)

GC TO 270

PRINT 265

FORMAT (' ABOVE LINE IN ERROR = IGNORED?')

G0 TO 25

WRITE PROGRAM

ICM1=z1COL=-1

ICP1zICOL+1

iCP2=ICOL.+2

1RM1z1ROW=-1

IRX2=iROW*2=-1

WRITE(8,300)

FORMAT (77X, *COMMON /DIM/ ICM1,ICOL»ICP1sICP2,IRM1,IROW,IRX2?/
7Xy *COMMON /PRT/ CrDELTA,DENOMsHDG o HEAD» ICTR, IHDG» ISENS/PDELTAY ¢/
HYXr ', PHDGrSENS»SNSCOL»SHSROW!)

“RITE(8,305)

FORMAT(*C?)

WRITE(Bs310)ICM1,ICOL,ICPLsICP2,IRMLyIROW»IRX2

FORMAT(7Xs *UDATAY »OXy *ICM1/ v 120/ ICOL/"y120%/ IcP1/1vy
129/ ICP2/v 1200/ /5Xe oo IRML/ 12,10/ TROW/'9 12,

v/ IRX2/v 11240 /1)

WRITE(8,3095)

WRITE(8,315) IROW, IBURN(1) » (COMMA,BLANK» IBURN(I)»T1=2, IROW) »SLASH
FORMAT(7X» *DIMENSION IBURPN(Y,12,0)/ tyl4(I1.2A1)/

(5Xete v921(1I1s2A1)))

WRITE(89305)

WRITE(8,320)ICOL, IROWsICP2+IRX2,ICP2+IRX2,ICP2yIRX2/,ICP2,IRX2)
ICP2,IRX2
FORMAT(7X,'DIMENSION"13X['A("12")l'rléXl'IBURNS('oIZO')'/
SX".'IVAR('vIZr""12")v'leXr'VAH('012"0"12v')r'ollX'
YWARFNL (2 I20 197129 0)0/5Xe 0 (o VARSAV( ' o129 %91 »12,%) 08X,
'WRINIT(eI20tet9I2,0)1")




399
40U
401
402
403
40y
405
400
407
408
409
410
411
412
§13
414
41>
416
417
414
419
42U
42l
422
423
424
42h
426
w27
424
429
430
431
432
433
K34
435
430
437
438
439
440
441
442
443
444
445
446
447
443
G449
459
451
452
4535
454
459

330

o240

45

350

abs

260

JuH

a70
375

380

365
390
395

400

410

PRICPL

LRITE(S»3u5)
CRITE(8932D5) ICOL IROW» IKOW» IFOW, ICOL» IRX2 9 IROW
FORMAT (7Xp "INTEGERY pLOXy vCTACSV (19 Tn v ) g v 11Xyt IPKC(1,I2,0)0,
ORp e IROCK (o120t ) 0t a1kt JCOL (0920t s, 12p0),0,10X,'NROW(?,
1200 )0 /S5Xs Y ey RTAGSV (v pI2,1) 1)
wRITE(H893u5)
YRITE(B89330) ICOLy ICOL Y IROWI IPOW,) IROw » IPGY» IROW,ICOL, IRML, IRX?
FORMAT (X *LOGICALY »1DX ) tCPRT( "y I20%)/ 1200 %1/"
/X oo LINFLG(EY912,0) p 0 p11Xe 'LNFLGS(' 21200 '911X%,
YROONE( 9 L290) 1/5X0 0 oo RIRT( 19 12,9) /0212, %1/9097X»
PSUGHE (912009000 T200) 0, 0K e ' TDONE(1eI200) 1)
PRITE(B8»33S) TROWI)LINFLG(1) o (COMMAPBLANK  LINFLG(IY»T=2»IROW) »SLASH
FORMAT(7Xs 'LOGICAL LFINIT(*yY20)/ '915(N1e2A1)/
(S5Xeve 1,21(0192A1)))
#RITE(8,305)
WRITE(3,340)
FORMAT(7Xe 'cQUIVALENCE (VAR TVAK) ')
#RITE(89305)
ARITE (39 345) IROW
FORMAT(TX» VINTEGER RTAG(Y»I2,1) )
CALL UATA(RAWORD » IRQOWY
#RITE(89390) iCUL
FORMAT(7X e Y INTEGER CTAG(rsI2,1) 1)
CALL UATA(CWORD»ICOL)
WRITE(8,355)ICOL
FORMAT(7X» "INTEGER ULTAG(*eI2,t) ")
CALL DATA(CUWRD»ICOL)
wRITE(8,3u5)
wRITE(B»300) IROW, IROW
FORMAT (77X *UIMENSION RHEAD(Sy ' e 129 1) yRSURHD (593900 I2,1) ")
LO 3795 J=z1leIRUW
WRITE(5,365)d
FORMAT(7Xe 'OATA (RHEAD (L' 9129%),I=1,+5) )
CALL UATA(RHEAD(1ed) e b))
WRITE(8,370)J
FORMAT(T7Xo'OATA ((RSUBHLG(I»Je v I20 ') 1I=1,5)d=193)")
CALL UATA(RSUBHL(1¢19J)»15)
WRITE(8,305)
«RITE(8,330)ICOL
FORMAT (7Xe *DIMENSION CHEAD(24391,12,) 1)
CALL DATA(CHEAD6*ICOL)
wRITE(8,309)
5O 395 J=irIRX2
vRITE(3,335)JeICP2
FORMAT(TXe *OATA(VRINIT(IoteI2et) Izl eI2e?) )
O 390 I=1,1CP2
VII)I=VAR(I J)
CALL DATA(V,ICP2)
WRITE(8,309)
WRITE(8,400)
FORMAT (7X» "CALL BODY(ArCHEADyCPRT»CTAG»CTAGSV»NTAGY IRURN, IRURNS, ¢
Y IRKC Y IROCK /5Xy? o IVARyJCOL,LFINIT)LIMNFLG»LNFLGS s NROW»RDONE, ¢
YRHEAD s KPRT o ROUBHD ' /55X ' s r RTAG Y RTAGSV » SDOME » TDONF » VAR VARFNL , ¢
*VAKSAV,VRINIT) ")
WRITE(8,»305)
WRITE(8,410)
FORMAT (T7Xe'2NOY)



PRECIFL

450 e INT 418 )

4b/ 415 FORMAT(Y END OF FRECOMPILATION?)

454 %TOP

4959 C

46U SUBKRUGUTINE PACK(I1,12,IW0OLD)

401l LORUZBLANK

4ol U IT=yp

405 uU 1Y ICr=Il,1I2

HOL FLD(IclToepIWORD):FLD(Urb'CH(ICH))

465 1% 1e:lT=zIglIT+o

466 b TURN

4ot C

400 SUHRCUTINE DATA(ARRAY »inUMIER)

464G DIMELSION ARRAY(2)

47u b ITL (oo S)ARRAY (1) o (COMMA »3LANK » ARHAT (1), 122, NUMBFR) » SLASH
471 5 FORGAT(OXe e/ Q1001203 (2A19%00v,012) 0201/
gl o (DXpr, 1y 4(r0ry012,241)))

475 KE TUKN

474 C

475 c.haU




CENTOEFEOGN -

LM

COMMON /DIM/ ICM1,ICOL»ICP1,ICP2,IRMLIsIROWYIRX?
COMMON /PRT/ CrDELTAYDENOMIHPRGrHEAD» ICTR, IHUG» ISFNS»PDELTA
o PHDG,SENS)SNSCOL » SNSROW

DATA
«rIRM1/ 3/,

CIMENSTION IBURN(

LIMENSTION

e IVAR( 79 7)o

ICM1/ 4/
IROW/ 47/

ICoL/
IRX2/

5/
7/

4)Y/ 49 0r 2, 0/

AC S)o
VAF( 7, 7

IcPl/ 6/

ICP2/ 1/

IBURNS( #)
}o VARFMLC 79 7)

ot VARSAV( 79 T)» VRINIT( 70 7)

INTEGER CTAGSV( 5), IRKC( 4)
e r IROCK( 4), JCOLC 1y By NROW( 7)
« e RKTAGSV ' 4)

LOGICAL CPRT( 5)/ 5%1/
e LINFLGC 4) 0 LNFLGS( 4) RDOWF ( 4)
«FPRT( 4)/ 4x1/, SDONE( 5» 3) e TDONF( 7)

LOGICAL LFINIT(C 4)Y/ 1» 0, Oy 0O/

CQUIVALENCE (VAR IVAR)

INTEGER RTAG( 4)
o/ V113010253105, 0311015113423, 0063010233105, 0112410200505/

INTEGER CTAG( 5)
o/ U003010050505, 0062530050505, 0111230100505, 011253n050505,
o 0212205050509/

INTEGER DTAG( %)
o/ U1l10030100505, 0110625300505, 0111112301005, 0111125300505,
« 0112122050505/

CIMENSION RHEAD(S5» 4)»RSUBHN(S5,3, 4)

GATA (RHEAD(I» 1)01z15)
o/ VJIT1214%102305y 0111230101223, 0310505050505, 5050505051505,
« 0050505050505/

UDATA ((RSUBHD(I,dr 1)eI=105),d=1,3)
o/ 0102423303222, 0060721123005, 005050505050, NOS0%0505N505,
o 0050505050505, 0062311052527, 0242512212106, 0223105050505,
«  QU5050505050%, 0050505050505, 0050505050505, 0050505050505,
e 0U50%05090505, 0050505050505, 0N505H05050505/

LATA (KHEAD(I» 2)91zZ195)
o/ 0312432101511, 0243423052422, 0053032271306, N1N01205050505,
«  UUH0505050505/

LATA ((RSUBHD(IsdJde 2)9r1=215),J=1,3)
o/ ULl7123131163ur 0242312110534, 0121614153105, N050505050505,
o U0350505050505, 0050505050505, 0050505050505, 0050505050805,
e CO505U5050505, 005065uU5050505, 0050505050505, O00S0S505050505,
e 0050505050505, 0050505050505, 0050505050505/

LATA (RHEAD(Ly 3)91=1+5)
o/ 0071214162305, 0252434122712y 0110506301012, 0233105050505,
e 00505uU50H0505/

UATA ((RSUBHD(LsJdr 3)pIz199)»dz=1ir3)
o/ Ul02423303222, DU60721123005, 0050505050505, NNS0505050505,
« 000050005095, 0062311uU52527, 0242512212100, 0223105050505,




¥4
58
59
(1Y
ol
be
63
o4
0b
00
o7
o0
oY
lu
71
73
T4
75
70
77
753
79
BuU
sl
652
83
84
oL
30
o/
39
oY
(}U
91
g2
93
94
Yo
9o
97
94
99
104
101
10«
10d
104

o LN

RUiW103

0050505050505, 0050505050505 0050505050505,

0050505050505,
CATA (RHEAD(I,

o/ 0112410200534,

00L0505050505/
CIRSUBHD (T e J»

LATA

o/ 0050505050500,

00b0505050505,
0Ub0505050505,
0050505050505,

LIMCNSTION CHEAU (2493

o/ UJOL3U10122331

O341ciol4lb3ly
Ueau2724257505
0111230131225,
Udh1clo141531
G2H2724257500,
0312431002100
U3h1210141531,

PATA(VRINIT(I,

o/ U215H47542 1 400

CGULOS0DNH0500
CATA(VRINITA(I,

o/ UDTOLT377T7777

*

VUEU5050H0500
OATA(CVRINET(I,

o/ CULILULIBOLUS,

UOLULNSDL050D
DATA(YRINLT (T,

o/ WDT25031 465149y

o/ CGULUL0SHISNS0D,
QubiH0L0 L0005,

0JdSU505000500,
CATA(VRINIT (I,

SATA(VRIGIT (T

o/ UDTULLL1146314y

UOHU505058505
CATA(VIRINIT(I,

o/ CULUOBUHDHB505,

Gd50505n050500,

0050505050505
4)»I=1+5)
0163115051030

0050505050505
0050505050505,
2050505050505
0uU505050%050%,

o)

2050505050505
0050305050505
050505050505,
0310505050505
DUSCHLSLLOS05
0050505050505,
05050504505 0%
0dHUSUHLHUBLN/

Delzte 7)
021550536 314k
N2156062746031

SYelzle 7))
OGRL0LlLLUDQON,
NOUGDGU0C0000,

o2V e IzZ1y 7))
NUB0HULS0HGRUT »
DYALOUBULUGO0,

Lyyizte 7))
DO0UGUOULUDO0N,
cULeNunNLLUlanN,

SYyeIlzly 7)
2uHU5U50%050%
N216573771462,

o)eIzly 7))
S0505U%U0%050%,
Ku000ubLLLUDON,

TYyelzis 7))
AYHUSULULUS05
DUGODURUCLBO0O

0050505050505/

0220505050505,

4)9IzZ195),U=1,3)

0050505050505,
0050505050505,
0050505050505,
0e5nNs505050505,

0302106141205,
Co63010122331,
0ZUlclblu152],
0303106141205,
0111230101225,
0341cloly1nb3l,
0212205050505,

GP155%7630A514,
0211456231463/

072034631465,
uNU0uOoNUNUNULY/

VNHOLOLOBNLHNY,
on0aunNgnNEndntuy

005HNH95050505,
0n0aLONN0NVDL/

S000GOeeoN3NY,
OP1146931431/

cououapeannng,
0o00eNutUndNu/

onnnuiononyYny,
ona040000nuRuY/

NOR0505050505,

0050505050505,

NUS0505050505,
NORO505050505,
NUR0S0505N505,

NGR0505%050505,
N0R0505050505,
NUsOS0S050505,
N0K5050505N50%,
N310505050505,
NURDSIR0O5N505,
NUR0505050505,

N2178006432777,

NORO5URNSNR0S,

NUSD505050509,

NURDSYRINNLIS,

A0NGNUNNGNN00N,

200YNY0ININ0N,

NgNOUNNNNN00,

CALL BOUY(ArCHEAD»CFRT P CTAGY CTAGSV L TAGy T3Uriin Ti3 1RM S IR Cy TROCK

et IVARp JCOL pLF I NIT o LINFLG y LisFLGS s 1IROW » ROONT p PHE AT PPRT p RGHAHN
e 1 TAU P RTAGHY p SOONE » TDOWE » VAR » VARE AL s v AKSAY o Vi [NT T

JLIwAP

L D

ACCOUNIT: b

PROJECT :

wZ ICHT



bLOWY

SUBROUTIHE sOLY (A»CHEAD CPRT,CTAGrCTAGSVyOTAGY T3 IRM, T3URHS, IRKE
o o TROCKy IVAK Y JCOL W LFINRT T ) LINFLG o LEFLGS » NPOW» RDONE » PHE AN, RPR Ty RSURHE

COoENT U FGN K-

orRTAerTAGSVvSUONE'TDONE!VAR;VARF”LvVARQAV!VRINIT)

~EAL MC

CUMMOW /DIM/ LCM1 9 ICOLYICPLyICP2,IRN1» IKAWe LRX?

COMMON /PRT/ CoDELTA»DENCGMyHC G HEAD» ICTR, IHDG» TSFNSyPDELTA PHDG

o 2 SENS»CSENS e RSENS

LCGICAL
et LFINIT(IROW) »
+ e DORE(IROW) »
e TLOIE(IRX2)

CIMENSLON
erF (12)'
et KHEAD (59 IROW) »

« VAR (ICP2¢IRX2)»
et VEINI I (ICP20IRKZ) ¢

LATA
o t UNKTIWINZ ¢ UNKRNWN Y /

INTEGER
« 0 COL /rCOLUMNY/,
e r CSENSY
e p CTALSV(ICOL)
o ELTA /DELTA v/,
"E'
. lhRRT A(‘I'
« r DG /'HOG */y

e ICSERNS/L /o
e ICTK /1 CENTER?Y/,
et IRSENS/1 7/
et ISENS /MU '/
.'IT /' '/'
e 1TFLG /*NU '/

o IVAK (ICP2sIRXE)
et LAST  /LAST v/,
o NCOL /1 /o
« o NODLELTZvNODELT Y/,
et HOLT /' NOITERY/,
.rNSTtPS/S /o
e PART  /PART v/,
oo FDELTA/Z'DELTA v/,
«rPHUG  /*NOHDG 1t/
o PLUS /vy '/
ot KESTAK/ 'RESTARY /)
«tRTAG  (IROW),

o SLASH /vy '/
pSTEP  /STEP  t/,
et VARBL /eVaRBLEY/,

INTEGLR
« o JCOL (LROW, ICOL) »

CPET(ICOLY,
LINFLG(IRCW) »
RPET(IRGW)

A (ICOL)»
FORM  (144)
RSUBHD (5030 IRCW) ¢

VAFFNL(ICP2+IKX2)

WORD  (40)

BLANK /v v/

ALL  /'ALL v/,
COLUMM (80) ,

CSTAT (11),

DATA /'DATA 1/,
DISCRE/*OISCRLY /,
ENC /'END '/
EVENTS/PEVENTS Y/,
IBLRN (IROW)»

ICSTERP/1 /7
IHDS /1 /r

IRSTEP/1 /o
ISTAT /'NO '/
ITAGYL /¢ '/

ITEATE/Z'YES '/
JWCRD (40),
LINEAR/YLINEARY/
MU / *NO *'/
NOGOOF /tNOGOOF v/,
NOLABE/'*NOLABE Y/
NUNMBER/Z YNUMBER Y/ »
PC /% '/
PERCEN/ZYPERCELY/»
PITFLG/ZYNOITFLY/
PRINT /'PRINT v/,
RSENS

RTAGSV (IROW) »
STaR /% '/
STGP  /SToP v/
YES /' YES v/

IRKC(IROW),
NROW(IRX2)

1THuUn
LNFLAS(IROW)
SDANE(ICOL, TRMYL)

CHEAN (2,3,1¢OL)
HEAD  (5,80)

v (11)
VARSAV(ICP2y IRX2)

HEAD  /74n0xv v/

CEMTFR/YCENTER/
COMMA /v, v/
CTaG (ICOL)Y
DELETE/'DELFETE Y/
pTAG  (IcOoL)
ERRFILLG/'NOGOOF v/
GONF  /'GOOF vy
IBURMS(IRONW)
ICTARL(10)

1opP (40)
IRTARL (1)
ISTEP /'NO v/
ITFL  /*ITERAT/
ITYPE (40)
LARELS/'LABELSY/
MIMUS /1= v/

NONDATA/ 'MODATAY/
NOHDA /*NOHNG v/
NOTARL/*NOTARL Y/
oLn /'0LD v/
PDATA /'DATA v/
PGOOF /tOGOOF Y/
PLABFL/*NOLARE Y/
PTABLE/Z'NOTARL Y/
RSTAT (11)

SENS  /'SENS vy
STATUS /e STATYS /
TARLFE /*TABLE v/

IROCK (IROW)




o7
56
59
60

62
09
vl
65
(18}
o?
o4
0Y
70
7L
72
75
T4
75
1o
77
73
79
8u
81l
32
83
04
85
86
87
88
89
g0
91
92
93
eI
95
96
97
98
99
1uu
101
102
105
104
1Ub
i06
107
1U8
109
11u
111
112
113

oo

[aE N o

100U

110

150

*

- * - . L ) L] * e & - - e e

BouY

1THTEGER CTABLE(10)/10%y v/, IC(S)Y/10101e202/
ris TALDLE(10)/710% v/, TAGL(5)/*DELTAVDV v ISP I
INTEGLR AX/YAY/ CrseCry/, /DYy, DL/tpDLy/
'L V/YEY/ G/VGR/ H/zvHY/, IX/'1v/, LST/Lry
LD/ DY/ NOLZYNDL Y/,  NG/YNGY/ NHZYNHY /)y NI/Z'NIY/
pik /Ly NT/Z'NT/» Psepry, R/'Rv/, S/'Sv/

v ST/795Tv/, T/7vTv/ Y/ZrYr/

EUJIVALENCE (BLANK ,, IBLANK) » (JWORD (1) + NAME)

r (VAR LVAR) » {HORL » JWORD) » {WORN(2),VALUE)

E/ROR MESSAGE FOREMATS

LATA rORM/ZY (v ASOVE LINE IN ERROR===IGNOREUY*) ', 6%t

Y (Y PRINT COMMAND 118 EFROR===IGNOKED* *) v ,S5x0 ¢

et (e VARIABLE IS AN UNKLOWN===AROVE LIMNE IGNOREN®T ) e, Gk
p ' (e NO EVENT SPECIFIELD YET===aAB0VE LINFE TGNOREN®®) e, L% ¢

v/

£ LI -

et (v PERTURBING VARIABLE IS AN UNKNOWM—a=tvteel ASTrree COMMAND I6G -

WORELY ) v, 0
p V(v CHANGE O FINAL EVENT===ARO0OVE LIME IGNORFDY')*,4xt ¢
p (v SENS OR DELTA COMMAND IN ERROR===IGNORED* ') 'ri4x? ¢
p (v HNO pURN THIS EVENT=-=AROVE LINE IGHNORED' ) e slxke 0
p (v PRINT COMMAND WITH TOO FEW WORDS===IGNORFS* ') t,4x?
p (1 PRINT COMMAND I EPROR===INVALID PART IGNOREDY Y)Y, 3k
p V(v STEP COMMAND IMN ERKRKOR===IGNOREDt*) ¢ p6x1
et (v DELTA FOR SENSITIVITY TOO SMALLY?) v p6xr
/

BEGIN EXECUTION

U0 11U I=leICPR2

GO 110 J=1sIRX2
VARSAV{I pJ)=VRINIT(I,J)
VAR(I v J)=VRINIT(I»J)

L0 120 Iz1rIROW
RTAGSV(I)=RTAG(I)
IBURRNS (1) = IBURN(T)
LNFLGS(I)=LFILWIT(I)
LINFLG(I)=LFINIT(I)

U0 125 I=1,1ICOL
CTAGSV(I)=CTAG(I)

GO0 TO 190

PO 14y I=1eiCP2

LO 140 Jz=leIRX2
VAR(I»J)ZVARSAV(I»J)
IT=I3LANK

IF(ISTEP JHNE o STEP L ORLJKSTEF JEQHNSTEPS)GO Tn 150

' 10

VAR(LICSTEP» IRSTEP)=VARSAVIICSTEP,, IRSTEP) (1, 4+STFCTR*FLOAT(KSTEP) )

+FLOAT (KSTEP) *STDELT

IF(ISENS e HE« SENS ¢ AND o ISENSeNEWDELTA)GO TH 160
IFCISTEP .QSTEP (AND o KSTEPSEOJNSTEPS)GO TO 160
IF(KSENS.EQ.0)60 TO 1630

IF(KSENS.6T.1)60 TO 100

VAR (ICSENSy IRSENS)=(1.+FCTR) % VAR (ICSENS, IRSENS) +NELT
G0 TOo 1630




114
115
116
117
1138
119
129
121
122
123
124
125
120
127
128
129
139
131
132
133
134
135
130
137
138
139
140
141
142
143
144
145
140
147
146
149
159
1ol
152
153
154
155
156
157
153
159
lou
161
le2
163
lo4
165
166
lo7
164
le9
17u

[eXeXe

(¢ X ol e

lo0

170

150
190

<u0

3060

210

w30

BODY

L0 170 I=1,»IROW
RTAG (I)=RTAGSV(I)
IBURN(I)=IBURNS(I)
LINFLG(I)=LNFLGS(I)
00 180 I=1.ICOL
CTAG(1)=CTAGSV(])
K=0

KSENS=O

IF(ISTEPLEQ.STEP,AND.KSTEP LT NSTEPS)GO TO 1631

READ A NEW CARD

CALL READ(COLUMN,WORD»IOP»ITYPE,PDATA»IWORD»$115N)

IF (HAME JEQ«D)NAME=DELTA

IF (NAME .EQ+H) NAMEZHDG

IF (NAME .EW.LST)NAME=LAST
IF (HAME JEQe P)NAMEZPRINT

IF (NAME dEWweS) NAME=SENS

IF (NAME JEWe ST)NAME=STEP

IF (NAME JNEPRINTYGO TO 700

PRINT COMMAND

JWZUWORD ()

E=9

IF(1WORD.EQ.1)G0 TO 2500
IF(JUW.EQ.,C)JW=COL
IF(JW.EQ.D)YJW=DATA
IF(JUW.EQ,ul)JW=DELTA
IF(UWJEQ.EV)YJW=EVENTS
IF(UW.EQ.06 )} JW=GOOF
IF(JRLEQIX)JW=ITFL
IF(JWeEQ LST)JW=LARELS
IF(UWEQND)JINZNODATA
IF(UWEQ.NDL)Y JW=NODELT
IF(JUW.EQ.1G) JW=NOGOOF
IF(JWeEGNH)JAZNOHDG
IF(UW.EQeT)JW=NOIT
IF(JWeEQaeink ) JW=NOLABE
IF(UW.EQ.HT)JN=NOTARL
IF(JWeEQ.S)IJW=STATUS
IF(UW.EQ. T)JW=TABLE

IF(UWeNELDATALAND e JW.INELIWODATAIGO TO 300

POATAZJW
60 To 200

IF (JWoNE ¢« GOOF « AND ¢ JW . NE 4 1:0GOOF ) GO TOG 310

FGOOF=JW
0 TOo 200

IF (U e NE o DELTAAND «JWNELNODFLT)GO TO 320

PDELTA=JW
60 TO 200

IF{UWeNE « DG AND o JW S ME «NOHDGYGO TO 330

PHUG=JW
0 TO 200

IF (Jw e NE o LABELS AND  JW o NE 4 NOLABE)GO TO 340

iPlAcEL=Jw




BOLY

171 0 T0 200

172 IS4 IF(UWeNE« ITFLOANDGUWSNE.UIT)IGO TO 400
173 PITHFLG=JW

174 O To 200

175 C

170 U0 IF(UWeNE « TABLE « AND o JW o NE JNOTABLYIGO TO 500
177 C

174 C PInNT COMMAND FOf. TAPLE

179 C

1849 IF(IWOKD Qe 2)PTASLE=ZUW

181 IF(IWORD.LQ.2)G0 TC 2u0

182 £ =10

183 [W=3

184 409 IF(IWwORD=IW)200,2500

185 IFC(ITYPE (LW) o NELHUMBER)IGO TO 2%40

186 KW=WORD (Iw)+.5

187 IF(KWeLTo1eORKw 3T, 10)60 TO 2500

188 O 410 J=104

189 IzZin+u

190 410 IFC(IOP(I) JFO.COMIAIGO TO 415

191 415 60 TO (25u004259830,420) 4d

192 40 IF(LWURD=IW=2) 425,430,2500

193 425 IF(JWURD(IWH1) s WNELDELETE JAND (JWORD (1W+1) ,NELD)YSBO TO 2500
194 CTAGLE (KW)=IRLARK

19% RTABLL (KW)=1BLANK

1906 IwWzIy+2

197/ GG TO 455

194 430 CALL VARBLE(JNORD(IW+2)»1TAG,I1»$2500)
199 IF{ITAG NE1)G0 TO 2500

200 CALL VARBLE(JIWORMN(IW+1) 2 ITAG,Jr52500)
c01 GO 10 (25u0,440,u435,445),1TAG

202 435 IF(1. Q. IROW)LO TO 2500

203 KRO=1

204 YiNG! ICTABL(KYW)=J

200 CTAGLE (KW)=CTAG(J)

206 IF(KRLUEQ. L) CTABLE(KW)=UTAG(J)

207 oL TO 450

208 4445 IF(IRBURNIL) sEQea D OR4JGTHIGE TO 2500
U9 ICTABL(KW)=ICUL+IC(J)

21u CTABLE(KW)=TAG1(J)

211 450 IRTAGL(KW)=2%I=1+KRD

212 FTAULL (KW)SRTAG(T)

clo KRO=(

214 IwWZiw+3

2l 455 LU 460 I1=z10,1,~-1

2lo 460 IF(CTABLE(D) (i ISLANK)IGO TO 465

217 465 FCokzl

218 GO TO 405

219 C

<2Uu Hu0 IF{JW.HESTATUS)GO TO 600

el C

222 C PINT COMMaAND FUE STATUS

223 C

224 =2

b Iw=3

220 Wzl

227 IF(IWURD=3)25u0/,505,510



224
2249
23U
Z31
232
239
254
235
236
237
2an
239
240
241
242
243
2uy
245
246
247
2486
249
250
251
252
253
£54
<Hb>
256
257
2548
259
260
261
202
203
26k
205
200
267
26048
209
270
271
272
273
274
275
276
277
273
279
280
281
282
283
284

U5

ol

Hel
265
H70
75
S80
o885

[oNaN e

oUG

LouY

TF (UWURD (o) s ER AX)JWORD(3) ZALL
IF(UAURD(D) wEQeP)JRORU(3)=PART
IF(OWURD (D) e NE e ALL o AMD o« JWORD (3) LHELFART)GO TO 2500
ISTATzJUWORD(3)

KSENSZ2

RS TEP=NSTEPS

<0 TO0 160U

IF(hwesEQ.11)G0 TN 2%00
IF(IWwORD=1IW)HHH» 2500

0 H15 J=1+3

izlw+d

IFCIORP(I) JEG.CONMMAIGO TO S2U

GO TO (250005300525)yJ
IF(IWwORD=IWLNZL1)G0 TO 2500

CALL VARBLE(JWORD(IW+1) »ITAG, I,52500)
IF(ITAG.NE«1)YG0 TO 2%00

CALL VARBLE(JWORD(IW) v ITAG»J,32500)
6O TO (25U0,540+,5559545) ¢ ITAG
IF(I.EQ.IKOW)GL TO 2500

KRDz1

1C5TAT=J

CSTAT(NW)=CTAG(J)
IF(KRULEQLL)CSTAT (MW)I=DTAG(J)

G0 10 550
IF(IBURN(L) e EQe0.0RUGT.H)G0 TO 25U0
ICSTAT=ICUL+IC (J)
CSTAT(NW)I=TAGL (J)
IRSTATzZZ*[=1+KRD

KSTAT (NW)=RTAG(I)
VINWw)=VAR(ICSTAT» IRSTAT)

FROZO

lw=Iw+2

NW=hiw+l

-0 T0 510

w=hvw=1

U0 585 I=z1oNW

IF(LOUL(V(I)) JEQ.BLANK)IGC TO 560
IF(ABS(V(I)) «GEL.09)GO0 TC 575
vI(I)=OLANK

c0 10 565

VII)Y=UNKNAN

PRINT S70,CSTAT(I)+RSTAT (1) V(I)
FORMAT (1XsA0p ' ("2 AHe Y )=YA0)

0 T0 585

PRINT S80,CSTAT(I)/RSTAT(I) Vv (I)
FORMAT(1XrAOp (1 9ABr 1 )=1'F9.1)
CONTINUE

60 TO 200

PRINT COMMAND WITH CHANGES TO PRINT MATRTIX

IF(UWw HNE.COL)GO TO 6uu

E=9

IF(IWURD.LT.3)G0O TO 2500
1TST=0

0O 620 J=3+IWORD

IF (UWORD (J) 4EQ.AX)JWORD (J) =ALL



285
286
287
288
289
290
291
292
293
294
295
290
297
298
29y
300
301
302
303
304
305
306
307
305
3U9
310
311
312
313
314
315
316
317
518
319
320
321
322
323
324
325
326
327
3248
329
330
331
332
333
334
335
330
337
338
- 3359
340
341

020

ol 0

060

710
720
730

740

BoLY

IF{JWORD (J) eEQ ALL)ITST=ITST+1

00 62u I=zirICOL

IF(JWURD (J) JEQJALL  AND < TOP(J) JNE MINUSICPRT (1)=.TRUE,
IF (UWORD(J) s EQe ALLLAND e IOP(J) e EQ MINUS)CPRT(I)=.FALSFE.,
IF (JWORD(J) «NECTAG(INIGO TO 620

ITST=ITST+1

CPRT(1)=,TRUE,

IF(IOP(J) JEQMINUSYCPRT(I)=.FALSE,

CONTINUE

IF(ITST.EQe (IWORD=2))GO TO 200

£=1G

60 TO 2500

E=e

IF(JWJHNELEVENTS)GO TO 2500

=9

IF(IWURD.LTL3)G0 TO 2500

1TST=u

DO €60 Jzise IWORD

IF(JWORD(J) eEQ. AX)JWORD (JU) =ALL

IF (UWORD(J) s EWALL)ITST=ITSTH+1

L0 b6l I=1r1ROW

IF(JWURD(J) eEQ.ALL AMND S IOP(J) « NE ,MINUS)RPRT(1I)=.TRUE,
IF{UWORD(J) e ERe ALLGAND « IOP(J) sEQ MINUSIRPRT(I)=.FALSE,
IF(UWURD(J) JNELRTAG(INIGO TO 660

ITST=ITST+1

RPRT(I)=, TRUE,

IF(IOP(J) JEQ MINUS)RPRT(I)=,FALSE.

CONT INUE

IF(LITSTLEQRe {IWORD=2))G0 TO 200

£=10

GO TQ 2500

IF (NAME o NE « SEiS « AND « NAME (NE ,LELTA)GC TO g00
SENS OR DELTA COMMAND

IF(IWORD£Qe1eORJIWORD«GTH)GO TO 720
IF(IWORD.NE,2)G0 TO 710

ISENS=NO

IF (UWORD(2) eEQeaYESeOR«JIWORD(2) «EQ.Y) ISENS=JWORN(1)
<0 10 200

CALL VARBLE (JWORD(3) ¢ ITAGeJ»yx720)
IF(ITAG.NE.1)G0 TO 720

¢O TO 730

E=7

&0 To 2500

CALL VARBLE(JWORD(2)21TAGr1»2720)
GO 10 (7200745, 7Uu0e750)ITAG
IF(J,EQ.IROW)GO TO 720

KRD=1

ISNC=1

¢O T0 760

F=1

IF(I1,6T.5)60 TO 2500

£=8

1IF(IBURN(J) LEQ.0)GC TO 2500
ISHC=ICOL+IC(I)



300Y

342 ITAG1=TAG1(I)

343 760 IF(IWORD.GT.3)G0 TO 770

344 FCTR=0,01

346 60 TO 790 ,

347 770 IF(ITYPE(4) «NEJNUMBER)GO TO 720

343 IF(IWORD,EQ,5)G0 TO 780

349 FCTR=0.

350 DELT=WORD (&)

351 0 TO 790

352 780 IF (UWORD (5) « NE+ PERCEN.AND « JWORD (5) « NE.PC)GO TO 720
353 FCTR=0,01%xWORD(4)

354 DELT=0.

355 790 IF(IWORD.6T 3., AND,IOP(4) .EQ,MINUS)FCTR==FCTR
356 IF(IWORD,GT 3., AND.IOP(4) ,EQ . MINUS)DELT==DELT
357 KSENS=RTAG(J)

358 CSENL-CTAu(ISNC)

359 IF(KRDLEQ.1)CSENS=DTAG(ISNC)

360 IF(ITAGL NE . IBLANK)CSENS=ITAGL

361 IF(CSENS.EQ.TAG1(2) sOR+CSENS ,EQ,TAGL(3))CSENS=TAGL1(1)
362 IF (CSENS.EQ.TAGL(5) )CSENS=TAGL (4)

363 ICSENS=zISNG

364 IRSENS=Jx2+KRD~1

365 ITAG1=IBLANK

366 KRD=0

367 GO To 200

368 C

369 800 IF (NAME ,NE.STEP)50 TO 900

370 C

371 C STEP COMMANMND

372 C

373 IF(IWORD.EQ.1.0R., IWORD.GT.6)G0 TO 820

374 IF(IWORD.NE.2)G0O TO 810

375 ISTEP=NO

376 IF(JWORD(2) EQeYES,ORJWORD(2) «EQ.Y) ISTEP=STEP
377 0 To 200

378 810 CALL VARBLE(JWORD(3)ITAGrJ»5820)

379 IF(ITAG.NE.1)GO TO 820

380 60 TO 830

381 320 £=11

382 GO TO 2500

383 830 CALL VARBLE(JWORD(2)ITAG:I,%820)

384 GO TO (820:850+,840,860),1TAG

385 B4 0 iF(J.EQ.IROW)SO TO 820

336 KRD=1

387 oS50 ISTC=1

388 c0 TO 870

389 560 E=1

390 IF(I.6T.5)G0 TO 2500

391 L=8

392 IF(IBURN(J) EQR0)GO TO 2500

393 1STCc=IcoL+IC(I)

394 570 IF(IWORD 6T 3. ANNLITYPE(4) o« NF+NUMBER)GO TO 820
395 IF(IWORDGT 4 AND.ITYPE(S) « NE.NUMBER)YGO TO 820
396 IF(IWURDEQeH o AND o (UWORD (6) ¢ME s PERCENAND « JWORN (R) «NELPC))
397 . U TO 820

598 STFCTR=0,ul




399
40U
4ul
402
403
404
405
406
407
%08
409
410
411
yiz
413
4lyg
415
416
417
413
419
420
421l
422
423
424
425
420
427
428
429
430
431
432
433
G434
435
336
437
438
439
440
441
442
443
444
445
440
447
448
449
450
451
452
453
454
455

900

coo

905

210
220
930

240
95

LUu00

1100

1110

1150
1160

BODY

STOELT=0,

NSTEPS=S

IF(IWORD ., EQ,5)STFCTR=0.
IF(IWURDecQeB)STFCTR=0U01*WORL(5)
IF(IWORDEQ.5)STDELT=WORL(S)
IF(1WORDLNE s 3)NSTEPSzZWORL (4)40.5
IF(IWORDEQeS+AND 4 IOP(5) JEQMINUS)STDELT==STDELLT
IF(IWORD.£EQe6,ANDLIOP(5) JEQ,MINUS)STFCTR==STFCTR
ICSTEP=ZISTC

IRSTEP=Jx2+KRD=1

KRD=0

60 TO 200

IF (NAME NECHDG)GO TO 100¢C
RCAD HEADING

IF(1WURD.2Q41)G0 TO 910
£=l

IF(IORD. 6T, 2160 TO 2500

IF(JWURD(2) sEW.CIJWORD(2)=CEMNTER
IF(LTYPE(2) sEQNUMRER)GO 10 agh
IF(ITYPE(2) EQ.VARBL )ICTRzZ=JUWORD (2)
0 TO 200

IHDLSV=IHUG

IHDG=WORD(2)+,5
IF{IHUG.GE e« 1. 0RIHDGLLE.5)GO TO 200
IHOG=IHDGSY

-0 To 2504

100 92U NNN=1,1lHUG

REAU 930, (HEAD (GNMH e NN) o INM=1y, 80)
FORMAT(80AL)

[F{(PDATAELDATAIGO TO 200

DO 940 NNN=L1,1HDG

FPRINT 950, (HEAD (NNRpNN) »FNZ1,80)
FORMAT (v v»80Aa1)

GO TO 200

IF (AME JNELAST)GO TO 1100
IF(IWORDL6TW1)G0 TO 2500
6O To 1500

IF {NAME o NE « STOP  AND  NAME ¢ NE ERND o AND L HAME ,NF LEVYIGN TO 1200
IF(IWORD.GT.1)G0 TO 2500

PRINT 1110

FORMAT(* STOP OR END COMMAND===RUN TERMINATED?)
STOR

FRINT 116y

FORMAT (* END OF FILE EMCOUNTERED=-RUN TERMINATED)
STOP

IF (HAME s NE«RESTARLANDJNAME NELR)G0 TO 1300
IF(1WORD.6T.1)G0 TO 2500

GO To 100

IF (NAME JNE+LINEARANDNAME «NF «DISCRL)IGO TO 1350




450
457
455
459
460
jol
462
463
4o4
465
4bb
467
408
469
470
471
472
473
474
u7sh
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
493
49Y
500
501
502
503
504
505
500
507
508
509
510
511
512

s

o NaNe

135U

1420

430

1435

l44u

1445

1450

BOOY
LINEAR OR MONLINEAR COMMAND

E=4

IF(K,EQ.0)G0 TO 2500

c=b6

IF (18URN(K) .EQ.,0)G0 TO 2200
LINFLO(K)=NAME .£Q,LINEAR

GO TO 200

IF (NAME NEe ITFL.ANDSNAME.NE,IX)GO TU 1400

ITERATE COMMAND

IF (UWORD(2) +EQ.Y)JWORL(2)=YES
ITRATE=JWORD(2)
G0 To 200

DETERMINE VARIABLE NAME

CALL VARSBLE(NAME.ITAG.I,%1410)

GO TO (1420,1425,143001435)»1TAG
PRINT 14150 NAME

FORMAT(? v*9v,A60%1Y NOT RECOGNIZED?')

60 T0 200

F=1

IF(IWORDWNEL1)GO TO 2500
k=1

¢C 10 200

11=1

I12=2xK=1

GO TO 1440

E=6

IF(K,EQ.IROW)LO TO 2500
I11=1

12=2xK

60 TO 144y

=

IF(1,6T.5)G0 TO 250u
E=8

IF (IBURN(K) sEQ.0)G0 TU 2500
11=ICOL+IC(])

12=2%xk-1

E=4

IF(K.tQ0,0) 6O TO 2500

IF (JWORD (1) JNE.JWORD(2)) GO TO 1455

£z3

IF(1VAR(I1r12).EQ.IBLANK)GO TO 2500
=3

DO 14495 WNZ3» IWURD
1IFCITYPE (N) o NEJNUMBER) €O T0O 2500
DO 1450 Nn=3, IWORD
IFCLOP (NI «EQ.PLUS )VAR(I1rI2)=VAR
IF (10P (NN) «£Q.MINUS)VAR(I1»I2)=VAR
IF(IOP (NI) «EQ.STAR )VAR(IL1sI2)=VAR
IF(IOP(NN) «EQ.SLASH)VAR(T1¢12)=VAR
CONTINUE

GO TOo 200

(I1,12)+WHRN(NN)
(I1,I2)-=-WORN(MN)
(I1,I2)%xWORN(NN)
(I1,12)/WORN(NN)



1455

oOo

1b00

aaoo

1600

[ d
(op
o]
w

lo10

1620
1630
loyo
i65U

le60

le7u

OO0 cC

1700

BoDY

=1

IFCITYPE(2) o NE o NUMBER ¢ ANL o JWORD (2) « NELOLD ¢AND « JWORD (2) o NE o IBLANK

«OR,IWORD,G6T.2)60 TO 2500
IF(IOP(2) LEQ MINUS) VALUE==VAI.UE
VAR(ILl,I2)=VALUE

IF(JWORD(2) +EQ.OLD) VAR(I1»I2)=VARFILL(I1,I2)
60 To 200

'LASTY CARD===BEGIN COMPUTATION
KSENS=O

KSTEP=U
£E=5

IF((ISENSEQ.SENS ORJISENSWEG.DELTA) AND,IVAR(ICSENS, IRSENS)

LEQ.IBLANK)GO TO 2500

IF(ISTEP,2Q.STEPLAND,IVAR(ICSTEP,IRSTEP) ,EQ,IBLANK)IGO TO 2500

SAVE CURRENT VALUES AND INITIALIZE

DO 1605 I=1,ICP2
DO 1605 J=1¢IRX2

VARSAV{I,J)=VAR(I,J)

[0 16106 1=1,1ICOL
CTAGSV(I)=CTAG(I)

GO 1620 I=1,IROW
HRTAGSV(I)=RTAG(I)
IBURNS(I)=IBURN(I)
LNFLGS(I)=LINFLG(I)
IF(ISTAT.E0.ALL.ORJISTAT.EQ.PART)GO TO 2200
0 1640 I=1,ICOL

LO led0 J=1,IRM1
SDONE(I »J)=.FALSE .

DO 1650 I=1,IRX2
TOONE(I)=.FALSE.,

O 1600 I=1,IRO0W
KDORWE(I)=IBURN(I) ,EQ.U
0O 1670 I=1,IROW
1IF(RDUNE(1))GO TO 1670
I1=IpBURN(I)

12=2%1
IFCIVAR(TIL1rI2) NEIBLANK JANDVAR(IX»12),6T.0,)
VAR(I1l,12)==VAR(I1,12)
CONTINUE
FMBLANK=ICP2XIRX2

COMPUTATION LOOP

O 1750 J=1,IROW
ERRTAG=Z=RTAG(J)

L=2%J

LMizL~-1

LP1=L+1

IF(KDONE(J))GO0 TO 1720
M= IBURN(J)

N=0

DO 1710 I=1,ICM1
IF(I,EQ.M)GO TO 1710



570
571
»72
573
574
575
576
77
574
579
580
581
H8e
583
584
585
586
587
588
589
590
591
59z
593
594
595
596
»97
598
599
000
501
ol
605
604
605
600
607
o008
609
0l
oll
ol2
6l
ol4
olb
616
617
olg
619
02U
o2l
622
023
024
625
620

1710

1715

1720
1730

1735

1740

1745

1750

L7740

1300

1s1l

B0ODY

MN=N+1

A(N)=VAR(IrL)

CONTINUE

MC=isLANK

CALL SUMS(MCyAsNeDUMMY» ITFLG,ERRTAGY$1770)

MN=0

0 171% I=1,ICMl1

IF(I.,EQ.M)G0O TO 1715

HNEiN+ 1

VAR(I»L)=A(N)

CONT INUE

ACL)=VAR (ML)

Al2)=MC

CALL SUMS(VAR(ICOLL)»A»2/DUMMY,, ITFLGIERRTAG,$1770)
VAR{MrL)=A(1)

MCZA(2)

IF(500L (MC) o NE . BLANK)MC==MC

IF(IVAR (ML) JNELIBLANK)VAR(M,L)==VAK(MsL)

CALL KOCKET(VAR(ICPL,LM1) ) VARCICP2¢:LM1) s VAR(ICOL,LM1),VAR(M,L)
MCoVAR(ICOLLP1) »yLINFLG(J) »ROONE (J) pr ITFLGIERRTAG,$1770)
IF(IVAR(MyL) NE4 IBLANK)VAR (M, L)Y ==VAK (M, L)

O 1730 I=1,ICM1

ACIY=VAR(LLM1)

IF( NOT.TOONE(LM1))CALL SUMS(VAR(ICOL LML) rA,ICM1» TOONE (LM1)
P ITFLGYERRTAG,$1770)

0O 173% I=1,ICHM1

VAR(ILM1)=AC(I)

IF(JU,EQ.IROW)GO TO 1800

GO 1740 I=1,ICH1L

ACI)=VAR(I»L)

IF{.NOT.TUONE (L))CALL SUMS(VAR(ICOL L) A, ICML,TDONE(L)ITFLC,
ERRTAG»$1770)

(.0 1745 I=1,ICM1

VAR(IeL)=All)

LO 1750 I=1,ICOL

Al1)=VAR(ILM1l)

A(2)=VAR(IL)

IF(oNOTLSDONE(IsJ))CALL SUMS(VAR(IYLPL) v Ar2,SDONF (I )
ITFLG»ERRTAG»»1770)

VAR(ILM1)=A(1)

VAR(IsL)=A(2)

GO T0 1800

IF(ITFLG.NELYES)GO TO 1880

ERRFLG=GOOF

-0 T0 1860

CHECK FOR VALID SOLUTION

NBLNKS=NSLARNK

WBLANK=0

50 1810 I=1,ICP2

O 13810 J=1,IRX2
IF(IVAR(I»J) EQ. IBLANK)INBLANK=NRLANK+1

IF (NBLANK EQ,0.AMDWITFLG.EQ.YES)GO TO 1860
IF (NBLANK ,EQ,0)GO TO 1900

IF (HBLANK JNE ¢ NBLNKS)GO0 TO 1700



627
028
629
630
631
032
633
o34
635
6530
637
638
639
ol40
o4l
o42
643
oly
645
646
647
648
6493
650
651
652
653
654
655
650
od7
654
659
660
0ol
662
063
664
0bbH
Y1)
vo7
668
6609
670
a7l
072
673
674
675
676
677
6786
679
680
681
682
683

C
C

(e eNe!

o

[eNaNe]

1820

1830

1840
1650

lbeu

1670
1680

19040

1910
1920

<00
2050

2100

e
(4

BODY

NOT ENOUGH DATA

1F {ITRATE +EQe YES +AND. ITFLG .NEe. YES) CALL TEST (IBURN¢IRKCe
IROCK»JCOL ' LINFLG/NROWIVAR»$1840)

IF(ITRATEEQ.YES)IGO TO 1860

PRINT 1830

FORMAT (* NO SOLUTION==DATA INSUFFICIENT (NO ATTEMPT TO ITERATE) ")
GO TO 1889

PRINT 1850

FORMAT(r O SOLUTION==DATA IMSUFFICIENTY)

60 TO 2050

CALL ITERAT(ERRFLG» IBURNS» ICSENS,ICSTEP, ISENS, ISTEP, IRSENS
IRSTERPy ITOUN, ITFLGrKSENS ) KSTEP » NBLANK » RDONE » SDONF » TDONE » VAR
VARSAV)

IT=STAR

IF(PITFLG NELITFL) IT=1BLANK

IF(ITFLG.EQ.YES.,ORLITDUNYGO TO 1700

PRINT 1870

FORMAT(* WO SOLUTION==DATA INCONSISTENT (ITERATION FAILED) ')
KSENS=2

KSTEP=NSTLEPS

60 T0 2050

NULANK=U===A VALID SCLUTION HAS 3EEN O3TAINED
IF((ISENS.EQ.SENS.OR 4 ISENSEQ«DELTA) « AMND ,KSENS.GT.0)60 TO 1920
SAVE RESULTS

DO 1910 I=1,ICP2

{20 1910 J=1/,IRX2

VARFNL (I, J)=VAR(I»J)

IF (ISENSNELSENS AND . ISERSNELDELTA)GO To 2050

CALCULATE SENSITIVITIES

KSENS=KSENS+1

IF(KSENS,.EQ0.1)G0 TO 130
DETOM:VAR(ICSENSoIRSENS)-VARFNL(ICSLMS;IRSENS)
LE=1z

LO 2000 I=1,ICP2

0 <000 J=1.IRXZ

VAR(I»J)ZVAR(I»J)=VARFNL (1 J)
1IF(ISENS.EQ.DELTA)GO TO 2000

1IF (ABS(DENOM) sLE ., 000UL)GOU TO 2500
VAR(I»J)=VAR(I»J) /DENOM

CONTINUE

1F (NBLANK o NE . 0o AMOU o (PGOOF «NE , GOOF s OR e ISENS «EQe SENSeOR ISENS,EQ.
CELTALORPTABLE.EQ,TABLE))GO TO 130

PRINT RESULTS

KSTEP=KSTEP+1 ‘
IF(FTABLE.NE, TABLEYGO TO 2200

CALL PRINT3(CTABLE»IT»ICTABL,IRTABL/KSTEPNCOL,PTARLF,RTASLE,VAR)
IF(KSTEP.cQ NSTEPS)PRINT 2100

FORMAT (/)



700
701
702
703
704
705
700
707
703
709
7iv
711
712
713
714
715
710
717
718
719
720
721
722
7235
724
725
726
727
728
729
730
731
732
733
734
735
730
737
738
739
740

741

OO0 O e X ol o]

2200

2575

i0

20

AU

40

50

.

B8ODY

0 T0 130
IF (PLABEL JNEJLABELS)CALL PRIMTI(CPRTICTAGrIBURNISTATIT L
RPRTyRTAG»VAR)

INFLG

IF(PLABEL JEQ,LABELS)CALL PRINT2(CHEAD»CPRT» IRBURN, ISTAT»IT,LINFLG

RHEAD P RPRT »RSUBHD» VAR)
60 To 130

PRINT ERROR MESSAGES

IF(PDATAJNEJDATAYPRINT 9509 COLUMN
DO 2550 Nii=ir12

[NN= (E=1) *12+\N

FOHN) =FORM INNN)

FRINT F

IF(E.£Q,12)G0 TO 2575
=1

GO TO 200

KSENS=2

kSTEP=NSTEPS

GO TO 130

THTERNAL SUBROUTINE
SUBROUTINE VARBLE (NAME» ITAG, INDEX»RTN)

SUBROUTIHE VARBLE DETERMINES IF MAME IS ONF OF THE
DIMENSIONED VARIABLES DEFINING THE MATRIX. IF SO
RETURNS A NUMBEFR ITAG wHICH IDENTIFIES THE *TAG!
WITH THE VARLABLE AMD ITS SUBSCRIPT (INDEX),

IF NOTy IT RETURNS TO STATEMENT NUMBER PTN,

1TAG=G

INDEX=0

LO 10 LL=1»IROW

IF (INAME JHNE«RTAG(LL))GO TO 10
ITAG=1

GO TO 50

CONTINUE

O 20 LL=1»ICOL

IF{NAME JNELCTAG(LL))GO TC 20
1TAG=2

GO TO 50

CONTINUE

pO 30 Li=z=l,1COL
IF(NAME.NEDTAG(LL))GO TO 30
1ITAG=3

GO TO 50

CONTINUE

UO 40 LL=15
IF{NAME.NE«TAGL(LL))GO TC 40
1TAG=4

6O TO 50

CONT INUE

RETURN 4

INDEX=LL

RETURN

tND

v IT7
ASSOCIATED



OO NG U F We

ITERAT

SUBROUTING ITERAT (ERRFLG» IBURNS, ICSENS» ICSTEP» ISFNS, ISTEP» IRSENS

« ¢t IRSTERy ITOUNy ITFLGyKSENS yKSTEP » NBLANK » RDONE » SDONF » TDONE » VAR

«r VAKSAV)
C
COMMON /DIM/ ICerICOLoICPloICPZ.IRMloIRON:IRXZ
C
L IMENSTON TBURMS (IROW) » VAR (ICP2/,»IRX2)
et VARSAV (ICP29 IRX2)
C
INTEGER DELTA /9DELTA v/, ERRFLG
«r GOOF  /vGyUOF v/ NO VAR Y v/ NOGONF/ *NOGOOF v/
o SENS /9SENS vy, STEP /'STEP v/, YES /' YES v/
C
CATA BLANK /¢ v/
C
LOGICAL ITLUN, RODHFE (IROW)
e r SDONE(ICOL» IRML) » TUONE (IRX2)» X
C
C
IF{ITFLG.EQ.NO)ISTART=0
KZISENS FQeSENS.ORLISENS ,EQ.NELTA
IF{ISTART.GT.0)GOD TO o00
C
C INITIALIZE
C
CALL INIT
m=1
AVGZ0,0
L=0
O 100 I=1sICOL
UO 10U Jz1rIRX2.2
IF (BOOL(VARSAV(1+J) ) LEQLBLANK)GO TO 100
Lal+1
AVGZAVG+VARSAV (I J)
100 CONT INUE
IF(L,GT,0)AVG=AVG/FLOAT (L)
ANSZ0.0
1TFLG=YES
ITOUN=FALSE,
IF (R AND KSENSL.EQ,1)6G0 TC S00
IF(ISTEP EQ.STEPANDKSTEP.GT.0)GO TO S0n
JUNK=1
JUNK=0
TKNWN=1
JKHWRH=Z0
C
C CAHOOUSE AN UNKNOWM VARPIABLE FOR ITERATION
C

200 "0 25U [=IUNK»sICP2
U0 250 Jzie IRX2,2
IF(I.EQ,JUNK.AND e J LE.JUNK) GO TO 250
IF (BOOL(VARSAV(I,J)) JNE.RLANK)IGO TO 250

IF(1 0T, ICOL AND, (MOD(Jr2) eEQ.0,0R.J.EQ,IRX2))G0O TO 250

JTUNK=I
JUNK=J
0 TO 300




57
58
59
64U
6l
62
63
64
65
66
67
o8
09
70
71
72
75
T4
75
To
77
73
79
80
81
82
83
84
85
86
87
88
89
90
91
92
95
94
95

97

94

99
100
101
102
103
104
105
106
107
10a
109
11U
111
11le
115

250

A00

o210
315

weo

930
40

ab0

260

265
379
I

I65

290

ITCRAT

CONT INUE
IF(M,EQ,2)G0 TO 750
v=2

TUNK=1

TKHWN=1

JEKNwiN=0

¢0 To 200

FIND AN INITIAL GUESS FOR ITERATION

IF(IUNK,LESICUL)GO
TRY=300.

60 TO 390

TRY=0.0

ITRY=0

IF(JUNK ,Ewel)G0 TO

TO 305

3340

I1XZJUNK=1=MOD (JUNK2)

00 310 I=IXele=2

IF (BOOL (VARSAV(IUNK,» I)) JNELBLANK)GO TO 315

6O TO 320

ITRY=1

VIZVARSAV (IUNK, 1)
JTRY=0

IF (UUNK FueIRX2)60
JXZJUNK+1+MOD ( JUNK »
PO 330 J=JXeIRX2s2

IF(LOOL(VARSAV(IUNK,J)) MEBLANK)GO TO 340

CONT INUE

60 TO 350

JTRY=J
VUSVARSAV(IUNK o J)

IF(ITRY.EQe0.OR JTRY,EQ,UIGO TO 355

TRYZ(VI+VU) /2,

IF (MOD(JUNK P 2) o EQ,0) TRY==VI+VJ

GO TO 385
IFCITRY.EGe0)GO TO
TRY=V1

IF(MOD (JUNK2) oEQ.0) TRY==VI/2,

60 TOo 385
IF(JTKY ,EQe0)u0 TO
TRY=VJ

IF (MOU (JUNK»2) «£Q,0) TRYZ=VJ

60 TO 385

TO 350
2)

360

365

IF(BOOL(VARSAV(ICOL»JUNK)) sEQ.BRLANK)IGO TO 380

TRYZVARSAV(ICOL,»JUN
00 370 IzielCil

K)

IF(BOVL(VARSAV (I JUNK)) JNESHBLANK) TRY=ZTRY<VARSAV ( T» JUNK)

0 TO 385

TRY=ZAVG

1IF (AS(TRY) «GT41,)6
TRY=1000,

1F (MO (JUNK# 2) s EQ,0) TRY==1000,

CONTINUE

0 70 390

CiHOOSE A KNOWN VARIARLE FOR COMPARISON

GO 400 IzlKNwWiWeICP2



114
115
110
117
118
119
120
121
122
129
124
125
126
127
126
129
130
131
132

12 2
4o

134
135
136
137
138
139
14y
141
142
143
144
145
1406
147
148
149
150
151
152
153
14
155
1506
197
153
159
160
lol
162
165
io4
165
loo
167
163
169
179

OO0 [N eX e

[eXeXe)

OO

[N ot

4060

500

000

L4
ool

700

ITERAT

DO 40U J=1rIRX2

IF(I,£Q IKNWNJAND s J,LE« JKNWN)GO TO 400

IF(I,EQ, IUNK.AND.J.EQ.JUNK)GO TO 400

IF (BOOL(VARSAV(1,J)),EQ.LANK)GO TO 400

IF(1,6T ICOL AND.(MOD(Jr2) ¢sEQ.0.,0RsJ.EQ,IRX2))(0 TO 400
IF (X AND,I1.EQ.ICSENS,AND,J.EQ,IRSENS)GO TO 400
IF(ISTEPEQ«STEP,AND. I +EQ4ICSTEP,ANU.JEQ.IRSTEP)GO TO 400
IKNWN=I

JKNWN=J

6O TO 500

CONTINUE

IKNWN=ICP2

JKNwNZIRX2

G0 T0 700

VARIABLES HAVE BEEN CHOSEN=-RESUME CALCULATIONS

ISTART=ISTART+1
REFZVARSAV ( IKNWN » JKNWN)

AW v . —
VAR{TUNK s SUNK) =TRY

VAR IKNWNy JKNWN) =gLANK
KBLANK=ICP2*IRX2
KETURN

TilS IS AT LEAST SECOND ITERATION FOR THESE VARIABLES
~==CONT INUE

IF(ERRFLGEQ.GOUF)GO TO 700

IF (BOOL (VAR (IANN e JKNWN) ) sEQ.BLANK)GO TO 700
ANSLSTZANS

ANSZVAR (IKNWN» JKHWH)

IF (ABS(ANS=REF) ,L.T..01)60 TO 800

CALL INIT

HOW MANY ITERATICNS SO FAR?

IF(ISTART,.GT.20)50 TO 70C
IF(1ISTART.Ew,1)60 TO o40
IF(ABS(ANS=ANSLST) (LT..00U1)GU TO 700

FIND nNEW GUESS FCR NEXT ITERATION

TRYNEWSTRY+(TRY=TRYLST) % (REF=ANS) / (ANS=ANSLST)
6C TOo 660

TRYNEW=TRY*1,01

TRYLST=TRY

TRYZTRYNE %

IF(ABS(TRY) «GT,.5000000.)60 TO 700

&0 TO 500

NO SOLUTION WITH THESE VARIARBLES-=TRY A MEW SET

15TART=ZO

ANSzZ(0 .U

LRRFLG=NOGOOF

cALL INIT

IF(eilUT o { IKAWiNSEN e ICP2 e ANU«JENANLEQ, IRX2))GU TO 3200




ITERAT

171 IKNwWNz=1

172 JKwWHZ0

175 IFCaOT e (L LUNK o EQ @ ICP 2 AND s JUNK sEQ« IR X2)) 50 TO 20N
174 C

175 C MO SOLUTION—=KETURN
170 C

177 750 ISTART=0

173 ITFLG=NO

179 ITOUNZ LFALSE,

180 KE TURIN

i1l C

182 C REFERENCE HAS REEN MATCHED=-=-RETURN
183 C

184 ol IF (HNRLANK (NELJ)GD TO 700
185 ISTART=O

180 ITFLGZNO

187 ITDUNZ . TRUE .

183 CALL INIT

189 VAR (TUNK » JUNK ) =TRY

1949 RETURN

1381l C

192 C ITNTERNAL SUBROUTINE
193 C

194 SUBROUTINE INIT

195 C

190 00 10 I=1,ICP2

197 GO 10 J=1l.IRXZ

198 IF (X oAND e [ e EQGICHENSAND s JoEQ. IRSENS)IGO TO 10
199 IF(LISTEP N STEP AND o Lo EG o ICSTEP JANMU o JEQLIRSTFPIGO TO 10
200 VAR(I»J)=VAKSAV (T J)

201 iu CONT 1IWUE

202 50 20 I=1,IROW

203 c0 FDONE(I)=IBURNS(T) EQD

204 LO $0 I=1,ICOL

205 00 30 Jz=1,.IRML

200 30 SOONE (I ,J) = FALSF,

207 0O 40 I=1,IRXZ

208 U TOONE(I) = FALSE,

209 C

21lu RETURIN

211 C

212 ENO
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PRINT1 -

SUBRQUTINE PRINT1(CPRT+CTAG,IBURNsISTAT,»IT LINFLGIRPRT»RTAG»VAR)

COMMON /DIM/ ICM1,ICOL,ICP1,ICP2,IRM]1,IROW,IRX?
COMMON /PRT/ CrDELTA»DENCM»HDGPHEAD ICTRy IHDG» ISENS»PDELTA»PHDG

o +SENS»SNSCOL » SNSROW

REAL LINEAR
LOGICAL CPRT(IcOL),
ot EPRT (IROW)
UDIMENSION CTaG(IcoL),
t FL(5) FMT(4),
e FRMT2(13), FS(9)
e 0 IBURNC(IRON) » RTAG(IROW),
INTEGER ALL /'ALL ‘o
o DELTA /0DELTA v/ Dv VAR '/
«r 158 /1 * /5 NO /7 *NO v/,
o FDELTA PHEG»
DATA BLANK /¢ '/

LINFLG(IROW)

F(1LD)
FRMT1(13)
HEAD(5+80)

VAR(TCP2, IRX2)

CENTFR/1CENTER/

HDG / *HDG
PART /'PART
SENS  /'SENS

FO1) /71 (RAX,

et (FUL)pI=To11)/'eA6r ("1 9AB6,0 1)y DELTAZ,Fg 3) 0/
seF1 /) '/ FD /Y Y YCHAILGES DUE TO CHANGE IN

G FMT (1) /70 (2Xe 1/ FMT(2) /AL, =000/,
O FRMTL(L) /0 (/AT 0"/ FRMTL(2)/701X /0

ot FRHAT2(2) /A0 '/ FS /VVISENSITIVITIES TO *trr,r vy

e LINEAR/YLINEARY /) UNEKNWN/Z *UNKNWNTY /

EGULIVALENCE (BLANK, 1BLANK)

INITIALIZE

I1COLSVzICOUL

IROWSV=ZIROW
IF{ISTAT.EQ.ALL)GG TO 290
IROwNUZ1

Icobpuzil

1V1izICP2

ELTMINATE UNWANTED KOWS

N0 280 IR=1/,IROW
IRNZ2%IROuwNU=-1

IKOZ2%IR=1
IF(LNOTRPRT(IR))GO TO z¢eo
5O 200 IC=1,1IVl

O 200 Iz0l

IF(I,EQel ANDWIKLER,IROWIGO TO 200
VAR(IC)IRu+I)=VAR(IC,LIRO+1)
CONT INUE
KTAG(IROWNU)=RTAG(IR)
LINFLOG(IROWNU)=LINFLG(IK)
IBURN(IROWNU) ZIBURN (IR)
1ROWNU=IROWNU+1

FMT(u) /1)

v/
v/
\4

'/

rrey

v/

FRMT2 (1) /7 (2X»/



57
53
59
o0
ol
02
0
o4
ob
6o
67
64
09
70
71
72
73
74
75
76
77
78
79
84y
31
82
83
84
85
30
87
848
83
90

er4
93
9l
9bH
9o
97
9b
99
100
iul
102
103
oy
105
106
107
108
109
110
111
l1le
113

2u0
b0

280

<90

€95

240

210
sS40
S50
d6U

[eReNe

a70

o860

PRINT1
ECIMINATE UNWANTED COLUMNS

ICOLNUZ]

O 260 IC=1,ICOL
IF(«NOTL.CPRT(IC))IGO TU 260

O 220 I=url
IF(I.,EQ.1.AND.IRLEQ,IROW)GO TO 220
VAR(ICOLNU» IRN+IY=VAR(IC,IRN+1)
CONT INUE

IF(IROWNU.GT,.2)G0 TO 240
CTAG(ICOLNU)Y=CTAG(IC)
ICOLNU=ICULINU+1

CONT INUE

VAR(CICOLNUr IRN)=VAR(ICOL+1rIRN)
VAR(ICOLNU+1» IRNY=VAR(ICOL+2, IRN)
CONTIINUE

IROW=IROWNU=1

1COL=ICOoL U=
IF(IROW.,EQe U ORLICOLLEQ,()GO TO 900
IVI=ICOL+2

ICPI=ICOoL+L

FRMT1(IV1i+1l)=F1

FRMT2(IVi+1)=F1

MC=s+10xICOL

IF(PHUG eEWeHDG o OR G ISENS JF Qe SENS ,OR ISEMS ,EQDELTA)PRINT 295
FORMAT (/)

IF(PHOG«NEHDGIGO TO 360

PRINT HEAUING

L0 340 J=iritioG

K=1

Knli=1

Ke=79

JIF(ICTRWMNESCERTER)GO TO 340

CALL POS(HEAD»JrK1eK2)

IF(K1.NE,U)GO TO 3510

k1l=1

hez=1

KMAXU (1 (NCH+K1=K2)/2)

PRIUNT 3950, {GLANK s IZ1 oK) » (HEAD(J» 1) e 12K1,K2)
FORMAT (120A1)

K=1

IF (IGLENS e NE e SCNSGUR L ISTATLEGLALL ,ORJISTAT.FG,PART)IGO TO 330

PRINT SENSITIVITY OK OELTA HEADING

CALL NX(K,F(1))

0O 370 I=2+0

F(I)=FS(I-1)

WhITE(H)F)SNSCOL» SNSROUW [ ENON

-0 T0 400

IF (ISENS o iE o DELTAORGISTATEQ«ALLORJISTAT.ER.PARTIGO TO 400
IF(NCeGT  HB)IK=(INC=54) /2

CALL NX(K,F (1))

L0 39U I=¢ro



114
115
110
117
116
119
L2V
121
122
123
124
125
126
127
125
129
130
131
152
133
134
135
1306
137
138
139
149
141
142
1495
144
145
140
147
i48
149
150
iv1
152
153
154
1595
156
157
158
159
160
1ol
162
163
lo4
165
160
167
lod
169
170

o

oln

OO0

700

900

[eNeXe

PRINT1

FOL)=FO(I=-1)
LRITE (69 F ) SNSCOL » SMNSROW »§ ENOM

PRINT COLUMN HEaAL INGS

PRINT 410,IT,(CTAG(LYyI=1rICOL)
FORMAT(//7oXeAlr&X»10A10)

RBeGlh LOOP FOR PERINTING MATHRIX
LO 606 IzieIROW
PRINT EVENT ROW

122exl=1

£LO LpU Ilzl,Icon

CAL FORM(VAR(I1/,12),FRTLI{I1+2),1)

CONT IivJE
VRITE(OWFRMTIIRTAGCI) p (VaR(I1,12)0I1=1eIcOL)
iF(lecd, IROW)GU TU 90U

PRINT DELTA ROW

12z¢*x1

IF(PDELTAJNE ,OELTAYGCO To 700

wORLZBLANK

IF(LINFLG(I) ) wORD=LINEAK

U0 600 I1=1,IC0L

CALL FORM(VAR(I1,12)tRMTIZ2(I1+2),1)

CONT INUE

ERITE (6 FRMT2)A0RD e (VAR{(IL1»I2)»I1=1,1COL)

PRINT OLLTAV AND ISP DATA

12=¢xl-1

IFCIRURNN(I) JEQ.UG)GO TO &(U

)0 75U L=1+2

FTAMLzZOV

IF(L,EQ.2)NAMEZLSP

11=zicol+l

CALL FORM(VARC(IL,I2)1FIAT (D) 2)
GRITE(G s FuT)IMNAME VAR(LI1,12)
CUNT INUE

CONTIINUE
RZINITIALIZE

ICOLzICuLSV
IROW=IROWSV
1CP1=ICOL+]
1STAT=NO
FRINT 295

INTERNAL SUBROUTINE

SUBROUTING NX(KeF)



171
172
173
174
170
170
177
173
179
184
lol
lod
135
184
1db
186
187
180
139
194
191
192
193
194
i9o
190
197
194
199
204U
201
22
203
204
205
2Uo
207
203

(e}

C: O C

(@)

iU

< U

QU

4U

wLb

7U

PRINTL

UATA 1ZERO /'RipRz0Y/
RAZSK/10+1Z2ERD

PBEMOD (K LO) +12ERD

FLO(HrOeF)=KA

FLO(L»69F)=KS

R TURIN

IATeRNAL SUBROUTINE
SUGROUTINL FORM(VeF L)

- Tty ALY

TF(BO0L(V) LQALANKIGO TC 20
IFLARS(V).6E..00005)G0 T 30
VZaLANK

IF(L,EQ.1)F=ryAal00

VZUNKNWN

1F(L Q1 F=vpalne

P TURN
IFUISTAT.EQ.PART.ORGISTATEw,ALLYGO TO 40
IF (ISENS.EQSENS)YG0 TO 76
IF(AES(V).LT,..0005)60 TU 10
IF(ISENS.cQeDELTAIGO TO &0
IF(ABS(V).0L.eUH)YG0 TO HU
IF{ABS (V) LT..005)60 TO 10
IF(L,EG.1)G0 TO 10
Fzt»Fl0.1"
IF(LEQ.2)F=v»F 7.2

FETURIN

F='2F10,30
IF(L,tQ.2)F=v9F&.3"

RETURN

FS'»FlO.4

IF (L, EQ2)F=vsF84!

KE TURI

£ N




COE~NO UCF -

gl

10

<UQ

PRLNT2

SUSKOUTIRE PRINT2(CHEAD,CPRT, 1BURN» iSTAT, IT)LINFLG»RHEAD,RPRT

e 1 RSUBHU» VAR)

CUMMON /DIMy/ ICiM1,ICOL,ICPL1,ICP2,IRML,yIROW,IRX?
cOMMON /PRT/ CorGELTA»DENOMyHDG 2 HEAD» ICTR, [HDG» ISFNSyPDELTA»PHDG

o #SENS»SHSCOL » SNSROW
REAL LIMEAR

LOGICAL
« t KPRT(IROW)

CPRT(IcOL),

DIMENSTION
.IFU(b)'
et FRMT1(13)
e HEAL (5080) »
e ¢t RSUBHD (59 3¢ IROW) »

FRET2(13)
ISURN(TRO%W)

VAR (ICP2» IRX2)

CHEAD(2¢ 3, ICOL) »

LINFLG(IROW)

F(11)
FMT(7)
FS(5)
RHEAN (5, IROW)

INTLGER ALL /VALL '/ CENTFER/YCENTER Y/
«p CHEAD DELTA /'DELTA />y HDG /'HDG \V4
10 /7 *NU '/ PART  /PART v/, PDELTA
o o PFHOG, SENS  /'SENS v/

LATA BLANK /¢ Y/ FO1Y  /7v(RBX, v/
e (FCI)oI=7el1)/ 08000 (' A6, ')y DELTAZv,F9,3)/
orF1 /1) s FO /Y CHANGES NUE TO CHANGE IN trvy
nFMT (1) /70 (83X '/ FMT(2) /2 rpVzrrry/, FMT(u)/very ISPy
et FMT(R) /1= t/ FMT(T7)/7'9A2) /o FRMT1(L) /' (/AT v/

< FRMTL1(2) /93461 ALY/,
CeES /9 1SENSITIVITIES TO
o » UNKNWin/ "UNKIVAI Y /

L2 A

EQUIVALENCE

Y/

(BLANK, IBLANK)

FRMT2(1) /0 (3Xr* />

FRMT2(2)/*4A6rA21/
LINEAR/ L v/

CHOOSE FORMAT FOR NORMAL OR SEMSTTIVITIES

ICoLsv=Icub

IROWSV=IROW
IFC(ISTAT.cQ.ALLYGO TO 290
IROWNUZ1

I1COLNUZ=1

IVIZICP2

ELIMINATE UNWANTLED ROWS

;0 280 IRz=1,IROW
IRNzZ2*IR0O4NU-1

IRVO=Z2%IR-1

IFCaNUT RPRT(IR))GO Tu 2¢0
LO 200 IC=z1,1IV1

O 200 I=Url

IF(l.EQ.1.ANDIR,EQ.IROW)GO TO 200

VAR(IC,) IRN+1)=ZVAR(IC,IRO+I)
CONT INUE

DO 210 I=1+5

FHEAD (1 IKOWHU) ZRHEAD(I» IR)




57
58
59
6U
61
6z
63
64
60
66
67
o8
09

83

93

99
10u
101
102
1095
104
105
Lué
107
103
LU
110
1114
112
113

<10

oNeN el

<30
<t 0
<t

<90

[eNeNe!

UG

210
a4
291)
o610

PRINT2

0O 210 J=103

RSUBHU (I Jr IROWNU) =ZRSUBHD (T J» IR)
LINFLG(IROWNU)=LINFLG(IR)
IBURN(IROWNU)ZIBURN(IR)
IROWNUZIROWNU+1

ELIMINATE UNWANTED COLUMNS

1COLNUZ1

G 260 IC=1,1C0OL
IF(.NOT,CPRT(IC))IGO TO 260

£0 ¢20 I=Ur1
IF(I,£Qe1AND.IR,£G.IROW)GO TO 220
VAR(ICOLNUr IRN+I)=VAR(IC IRN+I)
CONT INUE

IF(IRUWNU,GT.2)60 TO 240

O 230 J=103

CHEAD (1 Je ICOLHULYZCHEAD (10J» IC)
CHEAD (2, Jr ICOLNUY=CHEAD (29 d s IC)
1COLNL=ICUOLNU+]

CONTINUE

VAR(ICOLNU» IRN)ZVAR{(ICOL+1rIPN)
VAR(ICOLNU+1y IRN)=VAR(ICCGL+2, IRN)
CONT INnUE

IKOW=1ROWiU=1

1COL=iCOoLInU-1
IF(LRUWJEWQeUJORGICCOLLEQ,U)GO TO 9ut
IVIzZ1ICOoL+2

iCPiz1COoL+1

FRMT1(IV1+1)=F1

FRAT2(IVLI+1)=F1

LCZS0+10%IC0UL

PRINT 295

FORMAT(*11)

IF (FHUG JHE «HDB) GO TO 36U

PRINT HALADING

U0 340 J=1»IHDOG

k=1

i'\lzl

w2=79

IFCICTRNESCENTERIGO TO 240

CALL POS(HEAD» Je K1 K2)

IF(KlenE.UYL0 TO 310

1=zl

Ke=1

RTMAXO (L (NC+K1=r2)/2)

PRINT 350 (BLANK s IZ1 oK) » (HEAD(J» 1) 12K1 9 K2)
FORMAT(120A1)

K=l

LFCISENS o JE o SEMNSORLISTATLFG ALL,ORLISTATEQ ., PART)G0 TO 380

PRINT SENSITIVITY Ok DELTA HEADRING

IFUCaGT e TIK=(NC=UpY/2
CALL NX(K,F (1))




PRINT2

114 LO 3706 I=296

115 370 FODY=FS(I-1)

116 VRITE (HF)SNSCOL SNSROW, LENON

i17 LU Tu 400

113 RYSRt IF CISENS e nE o DELTAOR G ISTAT o EG e ALLOR o ISTATWEQ.PARTIGO TO 400
119 IF(NCoeGTeHB)IK=(1iC=54) /2

120 CALL NX(K,F(1))

121 30 390 1=z2+b

1ee 290 F(I)=tu(I-1)

123 wRITE (69F)SNSCOL » SNSROW, LENOM

124 C

125 C P INT COLUMN HEALLINGS

120 ¢

127 “un PRINT 410

124 410 FORmat (/)

129 0 420 I1z1,3

13U LO 420 IziriCoL

131 420 IF(CHEAD (L2 L1 e I) o NE o TLAIKOR o CHEAD (2911, 1) JHE L IRLANK)IGN TO 430
132 60 To 480

133 w39 G 440 I2=3,11,=-1

134 U0 440 Iz=ieICOL

135 440 IFCCHEAD (Lr 120 1) o HE L TBLAIK 0P o CHEAD (2912, 1) JNE L IRLANK)GN TO 45N
130 450 DO 46U I=(1,1I2

137 IMAML=IBLAK

130 IF(L,eQ, I1YNAAESTT

139 4o0 PRINT 470 ,MAMCy (CHEAD (L, 1+0J) ,CHEAD (29I vd) pJd=1,1ICNL)
140 470 FORMAT(SX»ALs 26X 10 (AGYAL))

141 450 12=u

142 C

143 C REGIN LOOP FOR PRINTING MATHIX
144 C

140 LO 950 IzielROw

14n C

147 C PRINT EviinT ROW

143 C

149 12=2%l=1

15u LO buu Itzl,ICukl

i51 CALL FORM(VAR(IL»I2)sFRATL(I142),1)

152 500 CONTIIVUE

153 VRITE(O FOMTL)Y (RHEAD(I1o 1) v I1=1o5) o (VAR(TL21I2)»I1=1,1COL)
i54 1IF (1. EQ.I0W)30 TO 90U

195 C

156 C DELTA JEIGHT KOwS

157 C

153 C

159 C PRINT DELLTAV AND ISP DATA

100 C

lol IF(IZURN(L) E4e0)G0 TO 650

lez #ORDzBLANK

lod IF(LINFLG(I))wORN=LINEAR

Lo4 C0 600 Lzile2

les 11zicOoL+L

16w CALL FORM(VAR(IL I2)FMT(3%L)2)

lo7 oun CONT INUE

1o5 ¢RITE(GsFATIVAR(ICP1,12),VAR(IV1,12)wORD
169 C

179 C




171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
1489
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
2006
207

208 -

209
210
211
21z
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227

¢

(e NeNel

800

a50

9ua

10

20

20

40

PRINT2
IF(PDELTA.NELODELTA)IGO TO 850

PRINT FIRST SUBHEADIMG ROW

PRINT 710, (RSUGHD(I1,1le¢eI)sI1=1+5)
FORMAT (3X+5A6)

PRINT SECOND SUBHEADING AND DELTA ROW

12=2x%1

[0 800 11=1,ICOL

CALL FORM(VAR(I1,»I2)sFRMT2(I1+2),1)

CONTINUE

WRITE(6FRMT2) (RSURHD(ILs2¢I)rI1=1e5) o (VAR(IL1,T2)eI1=1,1ICOL)
PRINT 710, (RSUBHD(I1+3¢1)011=1,5)

CONTINUE

REINITIALIZE

ICOL=ICOLSY
IROW=IROWSV
ICPizICOoL+1
ISTAT=NO
FRINT 410

INTERNAL SUBROUTINE
SUBROUTINE NX(K,F)

UATA IZERO /'RRRRRUY/
KA=K/10+]I2ERO

KB=MOD (K, 10)+IZERO

FLD(6r69F)=KA

FLD(12+¢6,F)=KB

RETURN

INTERNAL SUBROUTINE
SUBROUTINE FORM(VeF,L)

F=r'spB?

IF(BOOL(V) «E£Q.BLANK)IGO TO 20
IF(ABS(V) ,GE..00005)60 TO 30
V=BLANK

IF(L,EQ,1)F=v»AlD?

RETURN

VZUNKINWN

IF(L,EQ.1)F=vrAlO?

RETURN

IF(ISTAT EQ.PARTOR,ISTAT.EQ,ALL)YGO TO 40
IF(ISENS.EQ,SENS)G0 TO 70
IF(ABS(V) LT..0005)G0 TO 10
IF(ISENS.EQ.,DELTA)GO TO 60
IF(ABS(V)  GE..05)60 TO 50
1IF(ABS(V) LT,..005)60 TO 10
IF(L,EQ,1)GO TO 10




228
229
230
231
232
233
234
235
230
237

50

o0

70

PRINT2

F:"Flool'
IF(L,EQ.2)F=,F7,2!
RETURN

F:' 'F1003'
IF‘L.EGOZ)F:I.FBO\S'
RETURN

F="F10.u'
IF(L,EQ,2)F=*F8.4"
RETURN

END
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PRINT3

SUBROUTINE PRINT3(CoITrJCrJIR,KSTEPINCOL,PTABLE Ry VAR)

COMMON /DIM/ ICM1,ICOL»ICP1,ICP2,IRM1,)IROWsIRX2

COMMON /PRT/ CTRyDELTA»DENOMHDG,HEAD» ICTRs IHDG» ISENS»PDELTA,PHDG

¢ SENS » SNSCOL » SNSROW

DIMENSION C(10) coL(10)
o FMT1 (21) FMT2(41)» FMT3(21)
« v HEAD (5+80) » JC(10), JR(10)
ariR(1U) VAR(ICP2¢IRX2)

INTEGER CENTER/*CENTER?/» DELTA /'DELTA '/
« 2 HDG / tHUG ) PHDG SENS  /'SENS vy

DATA BLANK /¢ vt/ F1N /'F9.1 vt/
o F1S /'F9e5 v/ Fe /A6 v/ F3 791Xy v/
o F4 VARYA ) '/ F5 VARXS Q) ) Fé Jrre (e vy
o F7 VAR D R R B VA F& /') '/ Fo /0 (2Xe v/
e v 10 /tAY /5 F11 Jrre v vy, FMT1(1)/v(1XA2,v/
e FMTA(LY /Y (1Xy v/ UNENWN/ *UNKNWR Y /

LQUIVALENCE (BLANK, IBLANK)

SET UP FORMATS

F1=ZF1N
IF{ISENSEQ.SENS«OR G ISENS.EQ,UELTA)F1=F1S
0O 10 II=ieNCOL

I=2*I1

FMT1(1l)=Fe

FMT1(I+1)=F5

FMT3(I)=F1

FMT3(I+1)=F3

I=4x11-3

FMT2(L)=F4

FMT2(I+1)=F6
IF(BOOL(C(II))EQ.BLANK)YFMT2(I+1)=F11
FMT2(1+2)=F2

FMTZ2(1+3)=F7
IF(BOOL(C(I1))EQ.BLANK)FMT2(I+3)=F11
CONT INUE

1=2xNCOL+1

FMT1(I)=F8

FMT3(L)=Fus

FMTz (L)Y=F9

I=4xNCOL+1

FMTZ2(Il)=Fa
IF(PHDUGLEQ+HDG s ANDJKSTEP ., EQ.1)PRINT 15
FORMAT (/)

IF(PHUG.NE.HDG)GO TO 30
IF(KSTEP,sT,.1)G0 TO 40

PRINT HEADING

NC=10%NCOL
U0 26 J=1,IHDG



57
53
59
6y
61
ol
63
64
65
60
67
638
69
70
71
72
73
T4
75
76
77
756
79
80
81
82
89
84
85
86
87
88
89
90
9l
92
93
94
95
96
97
98

[eXeXg!

[aNaNe

20
26
28

30

95

40

he

44
46
48

PRINT3

K=1

K1=1

K2=79

IF(ICTR,NE.CENTER)GO TO 2o
CALL POS(HEAD,»J,K1l¢K2)
IF(K1.NE.0)GO TO 20

kl=1

k2=l
K=MAXO0 (1s (NC+K1=-K2)/2)
PRINT 28 (BLANK»I=1oK) ¢ (READ(JrI) e I=ZK10K2)
FORMAT (120A1)

PRINT COLUMN HEADINGS

IF(KSTER.uT.1)60 TO 4u

PRINT 15

PRINT FMTieIT» (C(I)oI=1,MNCOL)
PRINT FMT2e (R(I)eI=1»NCOL)
PRENT 35

FORMAT (v ')

SURT OATA TO BE PRINTED

0O 48 I=1.NCOL

IF(BOOL(C(I)) EQBLANK)GO TO 42
1C=Jc(I)

IRZJR(I)

COL(I)=VAR(IC,IR)
IF(ABS(COL(I))GEL.05)G0 TO 48
IF(ABS(COL(I)) «GF 4400005 AND o ISENSEQ,SENS)IG0 TO 48
IF(i;00L(COL (1)) JEQ, IBLAKNK)GO TO 44
COL(I)=BLANK

GO0 TO 46

COL (1) =UNKNwWN

EMT3(2xI)=F10

CONTINUE

PRINT DATA
PRINT FMT3» (COL(I)»I=1rNCOL)

KETURN
£ND
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READ

SUBROUTINE READ(COLUMNsWORD» JOP ¢ ITYPE,PRINT» IWORD»STNMBR)

SUBROUTINE READ READS A CARD CONTAINING ONE OR MQORE WORDS
(VARIABLES AND/CR NUMBERS) AND ASSOCIATFD OPERATORS,

COLUMW IS AN ARRAY INTO WHICH THE 80 COLUMNS OF THE CARD ARE READ

WORD IS AN ARRAY CONTAINING THE VARIABLES AND/OR FLOATING
POINT NUMBERS.

IOP INDICATES THE OPFRATOR (+s=r%¢/) ASSOCIATED WITH

THE WORD,

ITYPE INDICATES WHETHER WORD 1S5 A VARIABLE OR NUMBER,

IF PRINT=DATA,

THE CARD wILL BE PRINTED OUT AS READ,

IWORD IS THE NUMBER OF WORDS (VARIABLES AND/OR NUMBERS)
ON THE CARD.

IF AN END-OF~-FILE IS ENCOUNTERED,

STATEMENT NUMBER *STNMBR

READ RETURNS To

* IN THE CALLING PROGRAM,

EACH WORD MUST HAVE AN ASSOCIATED OPERATOR» EXCEPT THE

FIRST TWO WORDS,

THE FIRST WORnN HAS NO OPERATOR. IF NO

OPERATOR 1S SPECIFIED FOR THE SECOND WORDs A *+r¢ IS
IF THERE ARE TWO OR MORE WORDSs THE FIRST MUST

ASSUMED .

gE FOLLOWED BY AN *=z¢

v=¢ IS PERMITTED

ANY CHARACTER OR NUMBER EXCEPT

IN THE FIRST WORD, BUT THE FIRST WORD

MUST HAVE AT LEAST ONE NON=NUMERICAL CHARACTER., ANY
CHARACTER OR NUMBER EXCEPT t=t¢,
OR v, IS PERMITTED IN SUBSEQUENT WORNDS, ONLY ONE x¢

IS PERMITTED PER CARD»
IN SUCCESSION,

T, 1=ty T, /0, v,0,

AND TWO OPERATORS MAY NOT APPEAR
3dLANKS ARE IGNORED, AND IF ANY wORD

(EXCEPT A NUMBER) HAS MORE THAN 6 CHARACTERS, ONLY THE
FIRST 6 ARE CONSIDERED,

DIMENSION
.'\J(qo)'

INTEGER
«oDATA /*'DATA '/
o0 IBLANK/ Y Y/
PLUS /4 )
.'SLASH /'/ '/'
«» VARBLE/*VARBLE "/

INITIALIZE

IEQUAL=0

IPOINT=0

IWORD=0

DO 10 I=1.40
IOP(I)=IBLANK
ITYPE(I)=IBLANK

IOP(40)
K(u0).,

COLUMN(80) ,
END /'END
MINUS /v=
POINT /1.
STAR /'*

Y/
/e
/e
'/

ITYPFE(40)
WORD (40)

COMMA /1, v/
EQUAL /= v/
NUMBER/ *NUMRER Y/
PRINT

TEMP (20,40)




READ

57 J(I)=0

58 WwORD (1)=BOOL (IBLANK)

59 K(I)==1

60 0O 10 L=1,20

61 - e FEMP (La 1) =IBLANK

62 10 CONTINUE

63 . C

64 C READ A DATA CARD & PRINT IT OUT IF PRINT=DATA
65 c .

66 20 READ (59200 END=90) COLUMN

7. . .. IF(PRINT.NE.DATA)GO TO 22 _ e

68 PRINT 210,COLUMN '

69 . 22 CUNTINUE

70 C

71 o GO THROUGH THE CARD COLUMN BY COLUMN
72 C

73 ... ... DO 70 I=1.80

T4 IC=COLUMN(I)

75 IF(IC.EQ.IBLANK)GO TO 70

7o IF(IC.EQ.EQUALIGO TO 40

77 IF(IC.EQ.POINT)GO TO 50

78 IF(IC.EQ.,COMMA)GO TO 30

79 .. . IF(IC,EQ,PLUSOR,IC.EQeMINUS,ORsICEG«STAR.OR.IC.FQ.SLASH)GO TO 30
80 60 TO 60

81 . C

82 C THIS COLUMN IS Alv OPERATOR (+s~s%x¢/) OR A COMMA
83 C

84 30 IEQ=IEQUAL+1

85 . . . GO TO(65,34+100,32)1EG . I

86 32 IWORD=IWORD+1

87 IPOINT=0

83 34 1EQUAL=2

89 I0P(IWORD+1)=IC

90 G0 To 70

91 . . . C . : L
92 C THIS COLUMN IS AN EQUAL SIGN

93 C

94 40 IF (lEQUAL.GT,0)GO TO 110

95 _ IF(J(1) .EQe0)GO TO 120

96 IEQuaL=1

97 _ ... .. . IWORD=1

93 GO To 70

99 C
100 c THHIS COLUMN IS A DECIMAL POINT
101 C

102 50 IF(1EQUAL.EQ,0)GO TO 65
103 , IF(IPOINT.EQ,1)G0 TO 130

104 IEQ=IEQUAL+1

105 GO TO(659952r54r54)»IEQ
10o 52 I0P(IWORD+1)=PLUS
107 1EQUAL=3
18 SY IPOINT=1
109 K(IWORD+1)=J(IWORD+1)

110 60 To 70

111 C

112 C THIS COLUMN IS A NUMBER OR A CHARACTER OF A VARIABLE,
113 C SQUEEZE OUT BLANKS: EQUAL SIGNS, DECIMAL POINTS,




e oo e ... READ

114 C AND OPERATORS
115 c
116 60 IEQ=IEQUAL+1
117 GO TO (65,62,64+165),IEQ

L1188 . 62 . . 10P(IWORD+1)=PLUS
119 ol IEQUAL=3
120 C
121 C STORE THIS CHARACTER

122 C
123 5 JUIWORD+1)=J(IWORD+1)+1
124 .. JIWORD=J(IWORD+1)
125 TEMP (JIWORD,» IWORN+1)=IC
126 70 CONTINUE
127 C
128 C ENTIRE CARD HAS LEEN READ = CHECK WHETHER CARD IS BRLANK
129 C
130 _ .. . IF(J(1).EW.0)GO TO 1
131 C
132 C CARD IS NOT BLANK = DETERMINE NUMSER OF wWORDS
133 C
134 0O 74 I=2,40
135 IF(IOP(I1).EQ,IBLANK)GO TC 76
136 . . 14 CONTINUE
137 76 IWOKD=I-1
133 IF(IEQUAL.EG,V) IWORD=1
139 IF (IWORD.EQ.1,AND.IEQUAL,.EQ,1)G0 TO 77
140 . GO TQo 78
141 77 IWORD=2
142 10P(2)=PLUS
143 78 CONTINUE
144 C
145 C PROCESS SAVED WORDS
146 C
147 (0 80 I=1,IWORD
148 80 CALL TYPE(WORD(I)»ITYPE(I)eJ(I))
149 IF(ITYPE(L) JEQ.NUMBER) GC TO 140
150 KE TURN
151 C
152 C AN END=OF-FILE HAS BFEN DETECTED
153 '
154 90 RETURN 7
155 C
156 C AN ERROR HAS BEEN DETECTED = PRINT ERRNOR MESSAGE
157 C
158 100 PRINT 105
159 105  FORMAT(* ABOVE LINE IGNORED (TWO OPERATORS IN SUCCESSION)')
160 G0 10 1
161 110 PRINT 115
162 115  FORMAT(' ABOVE LINE IGNORED (TWO EQUAL SIGNS) ')
163 60 To 1
164 120 PRINT 125
165 125  FORMAT (' ABOVE LINE IGNORED (FIRST CHARACTER IS Al EQUAL) ")
166 GO To 1
167 130 PRINT 135
163 135  FORMAT (' ABOVE LINE IGNORED (TWO DECIMALS IN OMNE WUMRER) ')
169 G0 TO 1
170 140 PRINT 145




acCcOoO0O0
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OO0O0

READ

FORMAT(* ABOVE LINE IGNORED (FIRST WORD IS A NUMBER)?Y)
GO To 1

FORMAT STATEMENTS
FORMAT(80A1)
FORMAT(* '80A1)

INTERNAL SUBROUTINE TYPE - IDENTIFIES WORD AS
A NUMBER OR VARIABLE AND RETURNS VALUE OR VARIABLE
IN WORD

SUBKOQUTINE TYPE(WRD»ITYPE »J)

WRD=0.

ITYPE=IBLANK

IF(K(D) L,LT.0)K(1)=J

DO 10 L=1,J

NMBR=FLD(0¢r6» TEMP(L,I))~48
IF(NMBR.LT+0,OR NMBR.GT, 94 AND TEMP (L s 1) JNE.POINT)GO TO 20
WRD=WRD+NMBR*10,*x (K(1)=L)

WORD IS A NUMBER

ITYPE=NUMBER
RETURN

WORD 1S NOT A NUMBER

JWRU=0

IF(J,GT.6)J=6

IF(J.EQ,0)J=1

L=1

IF(L,EQ.J)GO TO 40
JWRD=JUWRD+FLD(O¢6s TEMP (L, 1)) %x6U%xx(H~L)
L=bL+}

60 TO 30
JWRDZUWRD+FLD (0 42=6xL o TEMP (L, 1))

_ ITYPE=VARBLE

wRD=BOOL (JWRD)
KETURIN

END
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SUBROUTINC ROCKET(DVe ISPyMIyMPyMCoyMFyLINEAR)DONE ) ITFLGIERRTAG %)

REAL ISP MI o MPMC o MF

LOGICAL LINEARyDONE LDV,)LISP,LMI,LMF,LMC,LMF
CATA BLANK/Y v/y» G/32.174048/» Z/.0001/
INTEGER YES/'YES/

CALL SUM(DUMMY »$1050)

LDVZNOT, (BOOL(DV) +EQBLANK)
ISPz NOT, (BOOL(ISP) .EQ,BLANK)
LMIZ,NOT, (BOOL(MI) +EQ.BLANK)
LMP= ,NOT, (BOOL (MP) EQ.BLANK)
LMCZ ,NOT, (BOOL(MC) o« £QeBLANK)
LMFZ.NOT, (BOOL (MF) .EQ.BLANK)

IF (LINEARAND . (ABS(MC) 46T+ 0140R,B0O0L (MC) ,EQ,BLANK))GO TO 500
CUNSUMABLES DROPPED DISCRETELY AFTER BURM

IF(LDVeAND « « NOT,LISP AND.LMI.AND,LMP)GO TO 150
IF(oNOT, (LDV.AND.LISP))IRETURN

IF(LMILAND «NOT.LMP)GO TO 250

IFCoNOT LMI ¢ AND e o NOT o LMP , AND ,LMC ,AND.LMF) GO TO 300
IF(LMIJAND«LMP ¢ AND JLMC.ANDLLMF)GO TO 1000

RETURN

IF (ABS(MI=MP) ,LT.2)G0O TO 1100
IF(MI/(MI=MP),LT.Z)GO TO 1100
LV=ISP*GxALOG (MI/ (MI=MP))

IF (LMC)DONE=, TRUE,

RETURN

IF (ABS(MI=-MP),.LT.2)60 TO 1100
IF(MI/(MI-MP),LT.Z2)GO TO 1100

IF (ABS (G*ALOG(MI/ (MI=MP))) LT«Z)G0O TO 1100
ISP=DV/ (G*ALOG (MI/ (MI=-MP)))

IF(LMC)DONE=,TRUE,
RETURN

IF(ISP,LT.Z)GO TO 1100

IF(=DV/(I5P%G) 46T,88,)G0 TO 1100
IF(ABS(1.,«EXP(=DV/(ISP*G))).LT.Z2)G0O TO 1100
MIZMP/ (1.=EXP(=DV/(ISP*G))) L

1F («NOT, ((NOT,LMC.AND++NOT.LMF))GO TO 900
RETURN

IF(ISP.LT.Z)GO TO 1100

IF(=DV/(I5P%*G) «GT.88,)G0 TO 1100
MPZMI*(1,=-EXP(=DV/ (ISP%6G))) .
RETURN

IF(ISP.LT,Z)GO TO 1100
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IF(UV/(ISP*G) «6T.88,)G0 TO 1100
NIZ (MF4+MC) *EXP(DV/ (ISPxG))
60 TO 900

CONSUMABLES USED LINFARLY DURING gURN

IF(LMI+ANDoLMP«AND.LMF)IGC TO 550
IF(.NOT, (LDV,ANDL,LISP) )RETURN
IF(1ISP.LT,.Z)50 TO 1100

C=DV/ (ISP%G)
IF(LMP 4 ANDLMC)GO TO 640
IF(LMIJANDLMF)GO TO 660

IF (LMF ANU.LMC)GEO TO 700
IF(LMP AND «LMF)GO TO 750
IF(LMLI ANDSLMP)GBO TO 800
IF(LMIJANDSLMC)GO TO 850
RETURN

IF(.NOT.LDV.ANDL.LISP)IGO TO 600
IF(LDV AND« ¢ NOTLISPYGO TO 620
IF(LDV.ANDLLISP)GO TO 1000
KRETURN

IF(ABS(MF) «LT.Z2)G0 TO 11060

IF(MI/MF.LTL.Z2)G0 TO 1100

IF(ABS ((MI=MF) xALOG(MI/MF)) LT.Z)60 TO 1100
CVZISPxGxiiP/ (MI=MF ) *ALOG (MI/MF)

DOHE= TRUE »

KETURN

IF(ABS(MF) «LTL2Z2)GO TO 1160
IF(MI/MF,LT,2)G0 TO 1100

IF (ABS(GxMP*ALOG(MI/MF)) LT,Z)G0 TO 1100
ISP=DV* (AL=MF) /7 (GxMPxALOG (MI /MF) )

LONEzZo TRUL

RETURN

IF(ABS(MP) «LT.Z)G0 TO 11¢U

IF(Cx (MP+4C)/MP.GT.88.)6C TO 1100

IF (ABS(EXP(Cx {(MP+MC) /MP)=1,),LT,Z2)GO TO 1100
MiF = (MP+MC) Z/ (EXP(Cx (MP+MC) /MP)-1,)

60 TO 900

1IF(ABS(MF) .LT.Z)GO TO 1160
IF(MI/MF,.LT.Z)GO TO 1100
IF(ABS(ALOG(MI/MF)) LT.Z)60 TO 1100
MP=Cx (MI=MF) /ALCG (MI/MF)

60 TOo 900

MP(MF+MC/2) ¥ (EXP(C)=1,)

CALL INIT(MF,1.,%1100)

0 710 Kz1020

1IF(ABS(MP) .LT.2)G0O TO 1100
IF(Cx(MP+4C) /P . GT.88.)60 TO 1100
AZEXP(C* (MP+MC) /M4P)
FEMP=MF x X =¥ P =M =MF
LFMP==1,=C*MF®AC kX /MP%x%x2
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DLTMP=FMP/DFMP

IF(ABS(DLTMP) (LT,.001)GO TO 900
MP=MP-DLTMP

GO To 1150

MIZMF+2 . % (MP/C=MF)
IF(MF*MI LT 04 )MI=ZMP/(24%C)

0 760 K=1+20

IF(ARS(MP) LT.2)G0 TO 1100
IF(Cx(MI=-MF)/MP,GT.588.)6C TO 11060
XSEXP (Cx (MI=MF)/"P)
FMIz=MI+MF *X

DFMiz==1,+CAxMFxX/MP

ULTMI=FMYI /DFMI

IF(ABS(DLTM1) LT.,001)GO TO <00
MI=MI-DLTMI

GO0 10 1150

MEZMI+2 . x (MP/C=MT)
IF(MF*MI LT 0, YMFZMP/ (2 4%C)

DO 810 Kz=1,20

IF(ABS(MP) LT.2)G0 TO 1100
IF(=C*(MI=MF)/MP.6T.88+)60 TC 1100
XZEXP (=Cx (MI=MF) /MP)
FMFzM1lxX=wF

UFMF:C*MI*X/MP-l-

DLTMF=FMF /DFMF

IF(ABS(DLTMF) LT..001)G0 TO ay0
pMF=MF=DLTMF

GO T0 1150

MPZMI*x (1.=~EXP(=C))

CALL INIT(MI,~-1,,3%1100)

LO 860 Kz=1020

IF(ABS(MP) .LT.Z)G0O TO 1100
IF(=Cx(MP+MC)/MP.GT.88+)G0 TO 1100
XZTEXP(=Cx (MP+MC) /MP)
FMPzMI*(1.=X)=MC=MP

FMP ==l =CkMI*MCx X/ MP*%2
CLTMPZFMP/DF (P

IF(ABRS(DLTMP) ,LT..001)G0 10 900
pP=MP=pLTMP

GO TO 1150

CALL SUM(UONE»$1050)
RETURIN

ALL VARIAGLES HAVE VALUES-=CHECK FOR CORSISTFNCY

IF(LINEAR)GO TO 1010

IFCARS(MF+MC) ,LTL.2)G0 TO 1100
IF(MI/Z(MF+MC) LT 2)G0 TO 1100
TSTZISP#G*ALOG(MI/ (MF+M(C))
IF(ABS(MF).LT.Z2)%0 TO 1100

1IF(MI/MF.LTZIGU TO 1100
IF(ABS((MI=MF)*ALOG(MI/MF))LT«2)GO TO 1100




i71
172
175
174
175
170
177
178
179
180
181
182
13893
134
180
180
187
188
189
190
191
192
193
194
195
196
197
193
199
200
201
202
203
204
20b
206
207
20u
209
21y
21l
21i2
219
214
<lo
216
217
213
219
220
22l
222
223
224
225
220
227

1uz0

lu

[aNoNe

(o}

ROCKET

TSTZISP*GkMP/ (MI=-MF ) xALOG (M1 /MF)
CONTINUE

TF(ABS(DV=TST) ,6T..01)G0 TO 1100
GONE = TRUE »

RETURN

DISCREPANCY DISCOVEKED=~PRINT FRROR MESSAGE

IF(ITFLGLEQ.YES)IRETURN 11
PRINT 1080 2DVe [SPyMI MP,MCoeMF
FORMAT(Y OVt yF10429* ISPz, F10,2/

v MIzteF10e29Y MPZY,F10.,20t MCZt,FlU200 MFZ,F1Nn,2)

KETURN 11

IF(ITFLG Q. YES)RETURN 11

PRINT 11109ERRTAG

FORMAT(* «x*DISCREPANCY EFMCOUNTERED IN ROCKET,
PRLANT 112000VaTST ISP oML 1P ¢ MCriiF

FORMAT (Y OV eF10429s DVTEST='"»F10eczy ISPz ,F10,2/
v IS F 102 MPZ 9y F10,29 % NMCzZv,FlU,2e AFze,F1n,2)

[T 11

<OT .
KLUy 11

NEWTON=-RAPHSON ITERATION FALILED TO CONVERGE

IF(ITFLG.CAQJYESIRETURN 11

FRINT 116UrERRTAG

FORMAT (v ¥k AkNEWTON=RAPHSON FAILEDs LVENT *rA6)
6O TO 10%u

INTERNAL SURROUTINE
SUBKQUTIE SUM(LUNID)

CLAENSTION A(3)
LOSICAL DUN

AlL)z=wF

A(2) =hP

ACS)zmC

CALL SUMS (ML A3 DUNSITFLGIERRTAG»510)
wFZA(L)

;‘;P:A ( C)

wCZA(S)

RETURIN

KETURIN 2

INTERAL SUBROUTINE
SUBROUTINE INIT(eXed)

IF (CUXAWH+IC) #SIGHN (1. p X¥W) JLE, G0 IMPZ==C
IF(CkMCxki o GT o Ue ) RETURN

“==CxW/MC

FPZ=MCk (¢ O+ X%kC/U,)

IF(SeLTele s ANUCARS(MC) o LT ABS(CXMC /2,4 ) ) MP==CxMC
N0 20 J=1,20

STST==EXP (XkCk (MP4+14C) /MP) %CkwxMC / (MPxMP)

EVVENT

' ABR)



220
229
230
231
2382
ed3
234
235
230
237
238
239

ey

V]

ROCKET

IF(S.LT,1.)G0 TO 10

Pz, kMP

GO TU 2l

IF(OTST.GTele/S)RETURN

IF (U EQ.20eAND «STST, 6Tl )RETURN
IF(AxC,LT,0.)4P=,5%xMP
IF(X%CWeBE. Q) P=MP/2 . =X*CxMC /Y,
CONT I'iNUE

FETURIN 3

F.INi)
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SuMS

SUBROUTINE SUMS(SUM/,A»N)DONE,ITFLG/ERRTAG,S)

SUBROUTINE SUMS CHECKS SUM aND THE ARRAY A, DIMENSIONED M,
IF SUM AND. ALL THE A'S HAVE VALUES,» SUMS CHECKS THE VALIDITY
OF THE SUM, IF A DISCREPANCY IS ENCOUNTERED, AN ERROR MESSAGE
IS PRINTED AND SUMS RETURNS TO ¢, IF SUM AND THE A*S ARE
CONSISTENT, SUMS RETURNS WITH *pONE+=TRUE.

IF EITHER SUM OR ONLY ONE OF THE A'S IS UNKNOWN, SuUMS
CALCULATES THE UNKNOWN VARIABLE AND RETHURNS TO THE
CALLING PROGRAM WITH *DONE'=TRUE,

IF THERE ARE > 1 UNKNOWNs SUMS RETURNS TO THE CALLING PROGRAM,.

THE LOGICAL VARIABLE 'DONE* IS SET TO TRUE IF A VALID
SOLUTION IS FOUND, .

LOGICAL DONE

INTEGER ERRTAG» YES/'YESt/

DATA IBLANK/t 1/

DIMENSION A(N)

COUNT THE NUMBER OF UNKNOWNS
(NONE IF M=1» ONE IF Mz0» >1 IF M<O0)

L=0

Mzl

DO 10 J=1sN
IF(BOOL(A(J))NE,IBLANK)GO TO 10
L=J

M=M=1

CONT INUE

IF (BOOL (SUM) EQ. IBLANK)M=M=1
IF{(M)90,,50.

ONLY ONt BLANK===FIND SINGLE UMKNWN
IF(L.NE,0)GO TO 30
SUM. IS THE ONLY UNKNOWN .

SUM=0,

0O 20 J=1/N
SUM=SUM+A (J)
GO TO 80

A(L) IS THE ONLY UNKNOWN

AlL)=0,
TEMP=SUM

DO 40 J=1.N
TEMP=TEMP=A(J) .
A(L)=TEMP

GO To 80

NO BLANKS===CHECK VALIDITY OF SUM
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TST=0.

DO 00 J=1sN

TST=TST+A(J)

IF (ABS(SUM=TST) LT.,05)6C TO 80

DISCREPAMNCY ENCOUNTERED

IF(ITFLGEQJYES)IRETURN 7

FRINT 700ERRTAGrSUN,TSTy (A(J) pJd=19N)

FORMAT (v *x*xD1ISCREPANCY ENCOUNTERED IN SUMS, EVENMT
t SUMZtF10e29" SUMTSTZ'FIUC2,' A='4F10.2/6X96F10,2)
RETURN 7

A VALID SOLUTION HAS BEEN FOUND
DONE=+TRUL »

RETURN
ENU

'yAR/
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TEST

SUSKOUT I TEST(TBURNYIRKCy IROCK y JCOLyLIMFLG,NROW VAR, %)
COMMON/DT M/ ICM1oICOL,ICPLYICP2,IRM1 IR0, IKX2

DIMENSION LBURM(TROW) » IRKC ( IROW)
1RUCK (IRO#) » JCCL(IROW, ICOL) » NROW (IRX?)
VAR(ICP2y [RX2)

LATA BLANK/Y
LOGICAL LINFLG(IROW)
INITIALLIZE

wFzZICP2
wT=z1CulL
KF=IROwW=1
Hrzike
IFLAG=U

p=l

=1

ri=l
FATKIR=O

50 1 I=z1,iéF
ROw (1)=0
LO & I=1.wF
TRUCK(I)=v
L«O 3 d:lp:VlT
JCOL (I,J)=u
CONTYNUE

SET LIMITS FOR EGQUATIONS

IRC=ICOL=-1

ICCz=¢g

L0 4 Kz=1/,KkF

IF ([oURN(K) +EG. 0) GO TO 4

iF (LINFLG(K)) INRKC(K)=iICOL+1

1F (JNOT, LINFLG(K)) IRKC(K)=3
CONTINUE

MRAT=ZU

DO & Kz1,KF

IF (IBURN(K) JNE. 0) NRKTSNRKT+1
MCZ{IRX2%[CP2=2% (IRX2=MRE.T) )= (NPKT+IRX2+1CNLXKF=XF)

TEST EACH KNOWN VARIABLE FOK IMDEPENDENCF

IF (M GT. MT oANDe (N JliEs P*¥K=1 JUR, IRBURI4(K) LEQ, 0)) GO TO 4n
IF (BOOL(VAR(MsN)) NE. PLANK) GO TO 20

IF (M ,EQ. MF) GO TO 30

MEM+1

60 TO 1V

IF (N EQ. iNF) 6N TO 120

L=+l

Mzl

IF (N .GT. (2*K) «AND i .LT. MF) K:K+1
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42

47

50

6u
70

90

50
110

120

TEST
GO T0o 10
TEST SUM ACROSS ROW

IF (M «GT. MT) GO TO 45

IF (NROW(N) EQ. IRC) GO TO y2
NROW (N) =NROW (N) +1

60 T0 45

IFLAG=1

TEST ROCKET EWUATION

1F (IBURN(K) +EQ. 0) 60 TO 50

IF (M ,Goe MT JAND.s N JNEs (2%K=1)}) LOR,
(2%¥K))) GO TO 50

IF (.NOT, LINFLG(K) <AND, M LT, MT ,AND,
50

IF (IKOCK(K) .,EQ, IRKC(K)) GO TO 47
IROCK(K)=IROCK (K) +1

60 To 50

IFLAG=1

TeST SUM DOWN COLUMN

IF (M .6T, MT) GO TO 80

IF (JCOL(KeM) +£G. ICC) GU TO 60
JCOL(KeM)=JCOL(KeM)+1

60 T0o 70

IFLAG=1

IF (JCOL(K=1,M) .EGQ. ICC) GO TO 90
JCOL (K=195) =JCOL (K=1oM)+1

L=K=1

GO T0 80

IFLAG=1

TOTAL INDEPENDENT VARIABLES KNOWH

IF (IFLAG oNE. 1 ) MATRIX=MATRIX+1
1FLAG=0

GO TOo 4o

IF (MATRIX +LT. MC) RETURMN.8
KETURN

END

(M LT,

M

«NE.

MT JAND. N NE,

IBURN(K)) GO TO




APPENDIX D

DESCRIPTION OF COMMANDS
USED DURING EXECUTION OF MAIN PROGRAM

DELTA

See SENS commands.

DISCRE (TE) T

See LINEAR command.
END

The END (or ST@P) command terminates execution of
the program, after printing the message "ST@P or END COMMAND--
RUN TERMINATED." If a ST@P or END command is not used, the
next system control card (beginning with "@") will stop
execution of the program.

HDG

The HDG commands are used to provide information
about the heading to be printed. The HDG commands do not
affect the column headings.

HDG=CENTER or
HDG=N@CENT (ER)

Determines whether the heading will be centered.
For HDG=CENTER, the heading will be centered. For
HDG=N@CENT, the heading will begin in the second
column. If not specified, CENTER is assumed.

HDG=NUMBER
Specifies the number of lines in the heading.

NUMBER may be 1, 2, 3, 4, or 5. If not specified,
NUMBER is assumed to be 1.

+ Throughout this memorandum, those characters enclosed
in parentheses in a command may be omitted. Thus, the command
DISCRE (TE) may be used as either DISCRETE or DISCRE.
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HDG

LINE 1

LINE 2

LINE N
Used to input the desired heading. The next N
lines (N=1, 2, 3, 4, or 5 as described under
HDG=N) after the HDG card will be read in as the
N lines of the heading. This heading will be
saved until a new heading is provided. If N
is subsequently changed, the heading data already
saved is not deleted, but the number of lines
printed will be determined by the new N.

ITERAT

The ITERAT command is used to inhibit the use of
subroutine ITERAT. This command allows the user to preclude
the possibility of an unusually long run time which might
result from some cases that require attempts to iterate with
many different combinations of known and unknown elements of
the matrix.

ITERAT=YES or
ITERAT=NQ

For ITERAT=YES iteration is permitted. For ITERAT=
Ng iteration is not permitted. If not specified,
YES is assumed.

LAST

The LAST command tells the program to resume computa-
tions to evaluate the unknowns in the matrix, in accordance
with previously provided data and/or commands. After the
results are printed, the initial conditions just prior to
receipt of the LAST command are restored and the program is
ready to accept new data and/or commands.

LINEAR

The LINEAR command, when used after an event is specified,
causes the calculations to be based on the assumption that any
weight change prior to the next event (excluding the propellant
required) occurs linearly during the burn. The DISCRE(TE) command
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causes the calculations to be based on the assumption that
this weight change occurs discretely after the burn. These
designations remain in effect until changed by a new LINEAR
or DISCRE command. When results are printed, the word LINEAR
or the letter L is used to indicate that the weight change
for this burn was treated linearly. No such word is printed
if the weight change was treated discretely. If neither of
these commands is used during execution of the program, the
type of burn specified when the program was precompiled is
assumed.

PRINT

The PRINT commands are used to control the data that
are printed and the format in which the data are printed.

PRINT=C@LUMN (S) *ALL*C1*C2...0r
PRINT=EVENTS *ALLE1:E2

Specifies the columns (or events) to be used or
omitted when the output data are printed. A "+"
means the column (or event) is to be used, and a
"_" means the column (or event) is to be omitted.
"+ALL" means all of the columns (or events) are
to be used or omitted. If one or more columns
(or events) are omitted, the remaining columns
(or events) are "squeezed" in to fill up the
vacant spaces.

PRINT=DATA or
PRINT=N@DATA

Determines whether the input data (card images or
lines typed in at a terminal) will be printed.

For PRINT=DATA, all input data will be printed.
For PRINT=N@DATA, the input data will not be
printed. The latter option allows one to avoid
waiting for a lengthy stream of data to be printed
when using the ADD statement from a terminal. If
not specified, DATA is assumed.

PRINT=DELTA or
PRINT=N@DELT (A)

Determines whether the rows of the output matrix
representing the weight changes between two events
will be printed. For PRINT=DELTA, these rows will
be printed. For PRINT=N@DELT, they will not be
printed. If not specified, DELTA is assumed.
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PRINT=G@@F or
PRINT=N@G@ZF

If the given data are inconsistent, an error message
with a summary of pertinent data is printed. However,
this summary is sometimes not sufficient to determine
the changes necessary. For PRINT=G@@F, the matrix,

as calculated up to the point of the inconsistency,
will be printed. For PRINT=N@G@@F, the matrix will
not be printed. If not specified, N@G@@F is assumed.

PRINT=HDG or
PRINT=N@HDG

Determines whether the heading (which must be speci-

fied by the user - see HDG command) will be printed.

For PRINT=HDG, the heading will be printed. For

PRINT=N@HDG, the heading will not be printed. Heading
data previously specified by HDG commands will not be

destroyed by a PRINT=N@HDG command. If not specified,
N@HDG is assumed.

PRINT=ITERAT (E) or
PRINT=NOITER(ATE)

Used as a debugging tool. For PRINT=ITERAT, the symbol
"*" will be printed at the beginning of the column
headings line if subroutine ITERAT was called during
the calculation. For PRINT=N@ITER, the "*" will not

be printed. This command is not effective when the
tabular format is used. If not specified, N@ITER is

is assumed.

PRINT=LABELS or
PRINT=N@LABE (LS)

Determines whether complete or abbreviated column and
event labels will be printed. For PRINT=LABELS, the
complete labels will be printed. For PRINT=N@LABE,
the abbreviated labels will be printed. Two of the
advantages of using PRINT=N@LABE are that less time
is taken to print the results, and the abbreviated
labels are identical to the column and event names
used to input new data. When using a remote terminal,
the number of columns to be printed should be limited
to five if PRINT=LABELS or seven if PRINT=N@LABE. 1If
not specified, N@LABE is assumed.
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PRINT=STATUS,ALL

Causes the current status of all elements in the
matrix to be printed.

PRINT=STATUS ,PART

Causes the current status of all elements in an
abbreviated form of the matrix to be printed. The
columns and events included in this abbreviated
matrix are determined by PRINT=EVENTS and PRINT=
CALUMN commands described elsewhere.

PRINT=STATUS,Cl/El1,C2/E2....

Causes the current status of the specified elements
(column Cl at event El, column C2 at event E2, etc.)
to be printed. If the name of the specified column
is preceded by "D" (for delta), the element repre-
senting the change between the specified event and
the succeeding event will be printed.

PRINT=TABLE or
PRINT=N@TABL (E)

Determines whether data will be printed in the normal
format or in a tabular form. The elements included

in the table are determined by another form of the
PRINT=TABLE command described below. For PRINT=TABLE,
the tabular form will be printed. For PRINT=N@TABL,
the normal format will be used. The former option is
convenient when using the STEP command. If not speci-
fied, N@TABL is assumed.

PRINT=TABLE, N1/Cl/El,N2/C2/E2....

Specifies the elements that comprise the columns to
be printed when PRINT=TABLE. Column Cl at event El
will be printed in column N1, column C2 at event E2
will be printed in column N2, etc. Up to 10 columns
may be specified, in any order. (Only 7 columns
should be used when operating from a remote terminal.)
If NX/CX/EX is replaced by NX/DELETE, column NX will
not be printed. The element to be used for a given
column of the table may be changed with a new NX/CX/DX
entry. (It is not necessary to delete the column
before respecifying it.) If the name of a specified
column is preceded by "D" (for delta), the element
representing the change between the specified event
and the succeeding event will be printed.
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RESTAR (T)

The RESTAR(T) command resets all elements of the
matrix to the values initially built into the program during
precompilation. Only the elements of the matrix and the types
of burns (linear or discrete} are affected; other data and/or
commands are not changed (i.e., data provided by HDG, STEP,
PRINT, etc. are unaffected).

SENS

The SENS commands are used to calculate the sensi-
tivity of each element in the matrix to variations of a single
specified element, referred to as the perturbing element or
variable. When the SENS mode is used, the program first cal-
culates the unknown elements of the matrix in the normal manner.
The element that was designated as the perturbing element is
then changed by the amount specified in a SENS command, and
the matrix is re-evaluated. The difference between these two
matrices is then calculated, and the resulting matrix is nor-
malized by dividing all elements by the change to the perturbing
element. The result is a set of sensitivities, or partial
derivatives, of each element with respect to the perturbing
variable.

The DELTA commands are used exactly like the SENS
commands. The only difference is that the results are not
normalized. To use them simply replace SENS with DELTA in the
statements described below.

The element designated as the perturbing variable must
not be an unknown. It is not advisable to run the program (i.e.,
to use a LAST card) with SENS=YES until after a perturbing ele-
ment has been designated. When the results are printed in the
normal format, an appropriate heading is automatically provided,
indicating the perturbing variable and the amount by which it
was perturbed.

The same storage locations are used for identifying
the perturbing variable for both the SENS and the DELTA commands.
Therefore, once a perturbing variable and the amount of the per-
turbation are identified for one of these commands, it will be
maintained (until changed) for use by either of the two commands.

SENS=YES or
SENS=N@

Determines whether the program will be run in the
SENS mode. SENS=YES places the program in the SENS
mode, and SENS=N@ removes it from the SENS mode.
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The sensitivity matrix is not calculated until a
LAST command is received. A SENS=N@ command does
not destroy a previously designated perturbing
variable. If not specified, N@ is assumed.

SENS=C/E#A *PERCEN

Specifies the perturbing variable and the amount of
the perturbation. The perturbing variable is the
element defined by column C, event E. A column

name preceded by "D" (for delta) specifies the change
between the specified event and the succeeding event.
A specifies the magnitude of the perturbation. If
"+*PERCEN" is present, the perturbation will be #A%

of the perturbing variable. If "xPERCEN" is not
present, the perturbation will be *fa. TIf "*A*xPERCEN"
is not present, a perturbation of +1% is assumed.

The data contained in this command will remain in
effect until changed by another SENS command.

STEP

The STEP commands are used to solve the matrix a number
of times (N) in succession, with a designated variable being in-
cremented by a specified constant each time. The sequence is
initiated by a single LAST command. If the normal printing format
is used, the entire (or abbreviated) matrix will be printed N
times. TIf the tabular format is used, the heading and column
headings will be printed only once, and N lines of data will be
printed. The element designated as the perturbing variable must
not be an unknown. It is not advisable to run the program (i.e.,
to use a LAST card) with STEP=YES until after a perturbing element
has been designated.

.STEP=YES or
STEP=Ng

Determines whether the program will be run in the STEP
mode. STEP=YES places the program in the STEP mode,
and STEP=N@ removes it from the STEP mode. A STEP=N{g
command does not destroy a previous designation of a
stepping variable. If not specified, N@ is assumed.

STEP=C/E/NtA*PERCEN

Specifies the variable to be incremented, the number
of increments, and the size of the increment. The
variable to be incremented is defined by column C,
event E. A column name preceded by "D" (for delta)
specifies the change between the specified event and
the succeeding event. N specifies the number of in-
crements (including the first calculation, with an
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increment of zero). A specifies the magnitude of
the increment. If “"*PERCEN" is present, the in-
crement will be *A% of the variable to be stepped.
If "*PERCEN" is not present, the increment will be
tA, If "*A*PERCEN" is not present, an increment

of +1% is assumed. If "/N*A*PERCEN" is not present,
5 increments of 1% are assumed. The data contained
in this command will remain in effect until changed
by another STEP command.

The ST@PP (or END) command terminates execution of the

program, after printing the message "ST@P or END COMMAND---RUN
TERMINATED." If a STYP or END command is not used, the next
system control card (beginning with "@") will stop execution
of the program.




APPENDIX E

SUMMARY OF COMMANDS AND DATA CARDS

I. PRECOMPILATION

A, Column Specification Cards
(The forms shown in each group are equivalent)

CNAME *ONE / TWO/ THREE /
CNAME *ONE/ TWO,/THREE *

CNAME xONE/ TWO/ / *
CNAME *ONE/TWO/ *
CNAME %ONE /TWO *

CNAME *ONE//THREE/ %
CNAME *ONE //THREE *

CNAME*ONE/// *
CNAME *ONE/ /
CNAME *ONE / %
CNAME *ONE #

CNAME * /TWO// %
CNAME * /TWO/ *
CNAME * /TWO *

CNAME % //THREE/ *
CNAME #// THREE *

CNAME*/// *
CNAME * *
CNAME

B. Event Specification Cards

EVENT ENAME*HEADING*CNAME
EVENT ENAME *HEADING#

EVENT ENAME*%
EVENT ENAME

C. Input Data Cards

NAME=NUMBER

NAME
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Other Cards

DELETE
DISCRE (TE)
END

LAST

LINEAR

ST@P
*SUBHEADING#*

EXECUTION OF MAIN PROGRAM

A.

Event Specification Cards

ENAME

Input Data Cards

NAME=NUMBER
NAME=@LD

NAME=NAME op NUMBER op NUMBER ....

NAME
Commands

General Form

DELTA=YES

DELTA=Ng@
DELTA=C@LUMN /EVENT * A*PERCEN
DISCRE (TE)

END

HDG=CENTER

HDG=N@CENT (ER)

HDG=NUMBER

HDG
LINE 1
LINE 2

LINE N

Abbreviated Form

D=Y

D=N

D=C@LUMN /EVENT *A%%
E

H=C

H=NC

H=NUMBER

H
LINE 1
LINE 2

LINE ®
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General Form

ITERAT=YES

ITERAT=N@

LAST

LINEAR
PRINT=C@LUMN (S) +ALL*C1+C2
PRINT=EVENTS +ALL:E 1 +E2
PRINT=DATA
PRINT=N@DATA
PRINT=DELTA
PRINT=N@DELT (A)
PRINT=G@@F

PRINT=N@GCPZF

LRI ]

PRINT=HDG

PRINT=N@HDG

PRINT=ITERAT (E)
PRINT=N@ITER (ATE)
PRINT=LABELS
PRINT=N@LABE (LS)
PRINT=STATUS ,ALL
PRINT=STATUS , PART
PRINT=STATUS,Cl/E1,C2/E2...
PRINT=TABLE

PRINT= N@TABL(E)
PRINT=TABLE,N1/Cl1/E1,N2/C2/E2...
PRINT=TABLE,N1/DELETE...
RESTAR(T)

SENS=YES

SENS=Ng
SENS=C@LUMN /EVENT ¢ A * PERCEN
STEP=YES

STEP=N@
STEP=C@LUMN/EVENT/N* A *PERCEN
ST@P

Abbreviated Form

I=Y

I=N

L
P=CtAzC1ltC2..,
P=E:tA*El*E2,..
P=D

P=ND

P=NL

P=g,A

P=S,P
P=5,Cl1/E1,C2/E2...
P=T

P=NT
pP=T,N1/Cl1/E1,N2/C2/E2..
P=T ,N1/D...

R

S=Y

S=N
S=COLUMN/EVENT A %%
ST=Y

ST=N
ST=COLUMN/EVENT/N*A %%



